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Au cours des dernières décennies, la conception de nouveaux polymères « push-pull » a été le sujet 
d'intenses recherches pour les cellules photovoltaïques. Cette thèse de doctorat comprend deux sujets 
principaux de recherche, l'une est la synthèse et la caractérisation de polymères organométalliques 
contenant l’unité trans-bis(éthynyl)bis(tributylphosphine)platine(II) comme l’un de deux blocs de 
construction et des dérivés quinoniques et anthraquinoniques agissant respectivement comme 
donneur et accepteur de densité électronique, et ainsi que des composés modèles correspondants pour 
fins de comparaison. L’autre sujet traite des polymères contenant l’unité zinc(II)porphyrine (donneur) 
et les mêmes dérivés quinoniques et anthraquinoniques. Habituellement les polymères « push-pull » 
conjugués sont tout d'abord étudiés car ils peuvent montrer de nouvelles bandes d’absorption dites 
bandes de transfert de charge vers le rouge du spectre solaire, démontrant ainsi l’existence de 
communication électronique à travers la chaine du polymère, mais aussi permettant de collecter plus 
de photons par le matériau. Ce travail est divisé en quatre chapitres. Dans le Chapitre 2, deux 
polymères non-conjugués sont conçus dans lesquels la conjugaison est formellement coupée par la 
présence d’un atome d’azote dans la chaine. En effet, le groupe N-Me est incorporé entre une 
quinone ([Q]) ou un maléimide ([M]) comme groupe accepteur de densité électronique et l’unité 
trans-Pt(C≡CC6H4)2(PBu3)2 ([Pt]) pour former les polymères ([Pt]-[Q])n et ([Pt]-[M])n cibles et des 
composés modèles correspondants. Bien que la conjugaison soit formellement coupée, la présence de 
bandes de transfert de charge vers le rouge des spectres d’absoprtion démontre indéniablement la 
présence de communication électronique à travers la chaine polymérique. Le phénomène de 
communication électronique a aussi été confirmée par calculs de la fonctionnelle de la densité (DFT). 
Ce travail indique donc que le processus de transfert de charge peut également se produire dans des 
systèmes non-conjugués en utilisant le synthon NMe (ou NH) en tant que pont. Il est intéressant de 
faire remarquer que le polyaniline neutre, qui est de coloration bleu-ciel dans sa forme éméraldine 
non-protonée, comporte dans sa structure des ponts –NH– entre les benzènes et les fonctions 
diimines. Cette bande donnant lieu à cette coloration est aussi une bande de transfert de charge et est 
réminescente à celles observées dans les spectres d’absorption de nos polymères. Il est donc conclu 
que la conception de polymères photoniques pourrait également faire appel à des groupes NMe (ou 
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NH) placés entre le donneur et l’accepteur. Ce travail a été publié dans la revue ChemComm, 
2014, 50, 350-352.  
 
Basé sur des travaux antérieurs dans notre laboratoire, plusieurs polymères de type « push-pull » 
conjugués ont été soigneusement étudiés. Ceux-ci incluent le donneur organométallique [Pt] et 
l’accepteur quinone-diimine et anthraquinone-diimine. Ces polymère montrent des bandes de 
transfert de charge vers le rouge du spectre solaire et les propriétés de ces bandes (absorptivités et 
positions) sont dépendantes directement de l’angle dièdre formé par les plans moyens de la quinone 
diimine et le groupe N-C6H4. De plus, ces polymeres sont émissifs à 77 K à partir d’un état triplet 
excité superieur (i.e. T2 → S0) avec un état T2 plutôt localisé dans l’unité C≡CC6H4. Ce phénomène 
d’émission inatendue violant la règle de Kasha est fort probablement dû à un très grand écart entre 
les états T2 et T1 de facon que la relaxation non-radiative entre ces deux états est moins favorisée. 
Puisque la position de l’état de transfert de charge T1 est fortement liée à cet angle dièdre, alors un 
système complétement planaire a aussi été étudié. En effet, un polymère « push-pull » rigide et 
planaire (i.e. angle dièdre = 0⁰) a été étudié et est décrit dans le Chapitre 3. L’accepteur est une 
anthraquione (AQ) fonctionnalisée en position 2,8 et utilisée comme bloc de construction avec 
l’unité [Pt] comme donneur pour former un polymère de type ([Pt]-AQ)n. Les voltmogrammes 
cycliques montrent des processus réversibles de réduction chimiquement réversibles à 1 ou 2 
électrons. La chromatographie par perméation de gel (CPG) a établie que ce polymere avait 31 unites 





et UV-vis, ainsi que par des analyses élémentaires, analyse thermogravimétrique (TGA), la 
spectroscopie de luminescence et des mesures photophysiques. La structure d’un composé modèle a 
aussi été determinée par la méthode de diffraction des rayons-X sur les cristaux uniques. Le point le 
plus intéressant, dans ce cas, est que la fluorescence observée provient maintenant de l’état de 
transfert de charge T1, et non le T2 comme pour les dérivés de type quinone diimine. Ainsi ce travail 
donne quelques informations sur la relation structure-propriété, notamment sur l'angle dièdre par 
rapport à la nature de l’état émissif. Cette étude a été publié dans Macromolecular Rapid 





















push-pull ». D’une 
manière similaire, des dérivés de l'anthraquinone (AQ) ont aussi été utilisées dans le chapitre 3 
comme accepteurs pour former des polymères organométalliques «
 
push-pull » planaires. Dans le 
Chapitre 4, quatre nouveaux polymères de type «push-pull» contenants des unités Zn(II)-porphyrines 
([Zn]) ont été construits à partir l'isoindigo (planaire et conjugué), l'anthraquinone (AQ) (planaire et 
non-conjugué), quinone (Q) (planaire et non-conjugué) et la maleimide (M) (le plus faible accepteur 
et non-conjugué à la chaine polymère) comme blocs accepteurs. Ceux-ci présentent des bandes de 
transferts de charges différentes. Les trois premiers, i.e. ([Zn]-isoindigo)n, ([Zn]-AQ)n, et ([Zn]-Q)n, 
notamment émettent dans le proche-IR avec λmax > 750 nm, les durée de vie d'émission sont très 
courtes, et proviennent de processus ultra-rapides de des états excités S1 (100-770 ps) et T1 (8-34 ns). 
Ce travail a été soumis dans Macromolecules (ma-2015-01607h). 
 
Le chapitre 5 concerne une collaboration entre un ancien étudiant à la maitrise (Tommy Kenny) dans 
notre laboratoire et moi-même. Il traite de polymères de type ([Pt]-AQ)n où AQ est une 
anthraquinone diimine substituée en positions 2 et 2’. Seule ma contribution est décrite dans cette 
thèse. Dans l’idée de préparer des versions organométalliques du polyaniline (PANI) dans les 
diverses formes oxydée, réduite et à valence mixte, l’objectif de ma contribution était de préparer la 
version totalement réduite, soit avec l’anthracène diamine-9,9’. Malheureusement, cette cible n’a pas 
été atteinte. Toutes les tentatives ont conduit à la forme à valence mixte facilement reconnaissable 
par la présence d’une bande de transfert de charge mais d’intensité partielle par rapport à l’espèce 




P NMR, spectroscopie 
UV-visible et spectroscopie d'émission, par mesures de paramètres photophysiques et par calculs 
DFT / TDDFT, afin de mieux comprendre la communication électronique dans la chaîne d’apparence 
non-conjuguée. L'ensemble de ce travail (Tommy Kenny et mon travail) a été publié dans 




In recent decades, the design of new « push-pull » polymers has been the subject of intense research 
for photovoltaic cell applications. This thesis deals with two main subjects, one is the synthesis and 
characterization of organometallic trans-bis(ethynyl)bis(tributylphosphine)platinum(II), ([Pt]) and 
quinone or anthraquinone derivatives-based polymers. Some model compounds have been produced 
as well for comparison purposes. Another issue is the synthesis and characterization of polymers 
built upon zinc(II)porphyrin units and the same quinone and anthraquinone derivatives respectively 
acting as donor and acceptor of electronic density. Such «push-pull» polymers are used to be 
investigated because of their so-called charge transfer absorption bands in the red part of the solar 
spectrum. This phenomenon is due to the electronic communication over the whole chain. This new 
band allows the material to collect more photons. The whole work is divided into four chapters. In 
Chapter 2, two non-conjugated polymers, conjugation formally cut by inserting a nitrogen atom 
within the polymer chain, have been synthesized. Indeed, N-Me group is incorporated between a 
quinone ([Q]) or maleimide ([M]) as acceptor group of electron density and 
trans-Pt(C≡CC6H4)2(PBu3)2 ([Pt]) to form ([Pt]-[Q])n and ([Pt]-[M])n targetted polymers and model 
compounds, although the conjugation is cut off, the presence of charge transfer bands towards the 
red-region of absorption spectra undoubtedly demonstrates the presence of electronic communication 
through the polymer chain. The electronic communication phenomenon is also confirmed by 
calculations of density functional theory (DFT). Therefore, this work indicates that the charge 
transfer process can also occur in non-conjugated systems using building block NMe (or NH) as a 
bridge. It is interesting to note that the neutral polyaniline, which is of a sky-blue color in its 
non-protonated emeraldine form, has -NH- bridges in its structure between the benzene and diimine 
functions. The band that provides this color is also a charge transfer band and is reminiscent of those 
observed in the spectra of our polymers. It is therefore concluded that the design of photonic 
polymers could also use NMe groups (or NH) placed between the donor and the acceptor. This work 
has been published in ChemComm (2014, 50, 350-352). 
 
Based on previous works in our lab, several « push-pull » conjugated polymers have been carefully 
 vii 
 
studied. Those include the donor organometallic [Pt] and the acceptors quinone-diimine and 
anthraquinone-diimine. These polymers exhibit charge transfer bands in the red-region of the solar 
spectrum, and the electronic properties of those bands (absorptivity and position) are a direct 
function of the dihedral angle between the two main planes built upon the quinone diimine moiety 
and N-C6H4 group. Moreover, these polymers are emissive at 77 K from the upper excited triplet 
state (i.e. T2 → S0), where T2 is mainly localized in the C≡CC6H4 moiety. This unexpected 
phenomenon for the emission which violates the Kasha rule is due to the big energy gap between the 
T2 and T1 states, therefore, the non-radiative process between these states is less favorable than usual. 
Since the position of the T1 charge transfer is strongly dependent on the dihedral angle, our system 
has been set and studied considering it was perfectly planar. Thereby, one « push-pull » rigid and 
planar polymer (i.e. diedrale angle = 0°) has been studied and described in the Chapter 3. In this 
particular case, the acceptor species is the anthraquinone (AQ) functionalized in position 2, 8 and 
used as building blocks with the [Pt] unit as donor to form the copolymer ([Pt]-AQ)n. Cyclic 
voltammograms (CV) show the chemically reversible reduction waves at 1 or 2 electrons. Gel 
permeation chromatography (GPC) attributes that this polymer is built upon 31 units in solution. 




P NMR, IR, UV-vis spectroscopy, elementary 
analysis, thermogravimatric analysis (TGA), and photophysical measurements as well. The structure 
of a model compound has been proved by X-ray diffraction (XRD) on single crystals. The most 
notable effect is the observed phosphorescence which is now attributed to the T1 charge transfer, and 
not from T2 as what it is observed for the quinone diimine derivatives. Therefore, this work has 
shown some interesting information on the structure-properties relationship, principally about the 
dependence of the dihedral angle on the direct nature of the emissive state. This work has been 
published in Macromolecular Rapid Communication (2014, 35, 992-997). 
 
Quinone ([Q]) and maleimide ([M]) are used in Chapter 2 as acceptors to form unconjugated 
organometallic polymers, anthraquinone (AQ) is used in Chapter 3 as an acceptor to form a planar 
organometallic polymer, here in Chapter 4, four new «push-pull» Zn(II)-porphyrin-containing 
polymers are built upon isoindigo (conjugated, planar), anthraquinone (AQ, unconjugated, planar), 
quinone ([Q], unconjugated, non-planar) and maleimide ([M], unconjugated, weakest acceptor) as 
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acceptors respectively, these four characterized building blocks exhibit different charge transfer 
bands for Zn(II)porphyrin-containing polymers, most importantly, three former 
polymers([Zn]-isoindigo)n, ([Zn]-AQ)n, ([Zn]-Q)n are near-IR emitters with λmax > 750 nm. The 
emission lifetimes are short-lived, and all processes from the excited states are ultrafast (i.e. in S1 
(100-770 ps) and T1 (8-34 ns)). This work has been submitted as a full paper in Macromolecules 
(ma-2015-01607h). 
 
Chapter 5 is a collaboration between a former master degree student (Tommy Kenny) of our lab and I. 
It deals with the ([Pt]-AQ)n polymers where AQ is an anthraquinone diimine substituted in positions 
2, 2’. Only my contribution is described in this thesis. With the idea to design some organometallic 
versions of the polyaniline (PANI) in oxidized, reduced and mixture forms, my goal was to build a 
totally reduced version with the anthracene diamine-9, 9’ moiety. Unfortunately, the target has never 
been reached. Indeed, all attempts have led to the mix valence form, which is easy to recognize 
because of the presence of the lower intensity charge transfer bands compared to the totally oxidized 




P NMR, UV-visible, luminescence 
spectroscopy, photophysical measurements and computed by DFT and TDDFT, in order to figure out 
the electronic communication in the non-conjugated chain process. This whole work (Tommy 
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Solar cells which can convert solar energy into electricity have been regarded as one of the most 
promising photovoltaic technologies. These technologies could solve the urgent need in energy induced 
by the population growing. Researchers and industries around the world invest a lot of time and money 
for the development and the improvement of these technologies. Recently, polymer solar cells (PSCs), 
which use the bulk heterojunction’s (BHJs) concept, were heavily investigated and proved to be one of 
the most developed latest generation of solar cell candidates. The structure consists of a series of layers. 
The active layer is composed of an organic conjugated polymer used as a chromophore and as electron 
donor mixed with a fullerene derivative acting as an electron acceptor forming a biphasic material. The 
electrodes are the commercially available semi-transparent and semi-conducting indium tin oxide (ITO) 
and a metal such as aluminum or platinum.(1,2) Usually, the (6,6)-phenyl-C61-butyric acid methyl ester 
(PC61BM) or (6,6)-phenyl-C71-butyric acid methyl ester (PC71BM) are commonly used as electron 
acceptors.(1) A large number of different donor polymers were designed in order to improve the 
efficiency (number of electrons produced per photons absorbed) of the BHJ-PSCs. An ideal donor 
polymer should have broad absorption spectrum with bands exhibiting high extinction coefficients 
which can harvest as much as photons possible. Moreover, the resuting BHJ layer should exhibit 
suitable frontier energy levels (highest occupied molecular orbital (HOMO) and lowest unoccupied 
molecular orbital (LUMO)), the LUMO level of polymer materials has to be at least 0.3 eV higher than 
that level of acceptor (PC61BM or PC71BM) to guarantee sufficient driving force for efficient charge 
separation.(2) At the same time, a small band gap between HOMO and LUMO can broaden the 
absoption spectra. So controlling the band gap by modulating the HOMO-LUMO levels to their optimal 
values is very important. The « push-pull » (D-A) polymers can meet these requirements by changing 
different donor and acceptor units in the backbone.  
 
The light-absorption ability and enery levels (HOMO and LUMO) of the polymers can be modulated 
using different combination of donor and acceptor units (and substituents in lesser extent), thus different 
« push-pull » polymers can be synthesized and developed in large and various manners. One of the 
principles of energy level manipulation in the polymers is by charge transfer interactions (i.e. different 
natures of donor to acceptor) and can be explained by a simple molecular orbital theory concept where 
 2 
 
the frontier molecular orbitals of conjugated or interacting fragments couple to make new frontier 
molecular orbitals with a lower energy gap. A drawing (Figure 1) is presented below. 
 
Figure 1. The principle of energy level manipulation in “push-pull” conjugated polymers. 
Indeed, two new occupied molecular orbitals are generated after the HOMO of donor unit interacts with 
that of the acceptor unit. One of the two new orbitals is higher and the other one is lower than the two 
initial HOMOs. And the two new unoccupied molecular orbitals are also generated after similar 
molecular orbital hybridization which are coming from the two initial LUMOs of donor and acceptor, 
where one is lower and the other is higher than before too. Hence, a new higher HOMO and a new lower 
LUMO are formed, leading to a smaller band gap in the « push-pull » polymers, so it is clearly that 
different building blocks (donors and acceptors) can result in different frontier molecular orbital energy 
levels and photophysical properties which can make PSCs science abundant. In the following chapters, a 
focus will be placed on two kinds of « push-pull » polymers, which use metallated [Pt] or zinc(II)- 
porphyrin as donors based on the recently reported literature.  
 
1. (trans-Pt(PR3)2(C≡CAr)2G)n (Ar = aromatic, G
 






The structure of these polymers can be described as (trans-Pt(PR3)2(C≡CAr)2G)n where G is a 
conjugated or unconjugated acceptor group, Ar is an aromatic, R’s are alkyl chains (generally triethyl- 
or tri-n-butylphosphine groups which increase the solubility of polymers). For « push-pull » strategy, the 
trans-Pt(PR3)2(C≡C)2 unit ([Pt]) is used as donor namely because the ethynyl functions bear a negative 
charge making them electron rich. Ar is used as an electronic bridge for communication and G is used as 
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acceptor. There are several advantages for incorporating heavy metal atoms into polymer systems. 
Firstly, the efficient intersystem crossing due to strong spin-orbital coupling may facilitate the formation 
of triplet excitons (an electron is excited from ground state to excited state, an electron hole is left, the 
bound state of the electron and hole attracted to each other by the electrostatic Coulomb force is called 
exciton), which have longer lifetimes to increase the exciton diffusion lengths (the charge recombination 
is spin-forbidden, the triplet excited state lifetime is in µs range, so the exciton migration can last for a 
longer time, which is benefit for efﬁcient charge separation and electron transfer).(2) Secondly, because 
of the presence of d-orbitals (namely dxz or dyz) in [Pt], overlap with the π-orbitals of the acceptors occur, 
and π-conjugation across the polymer backbone is possible. Again, the HOMO and LUMO levels can be 
fine-tuned by the level of conjugation and by the used of electron donating and withdrawing substituents. 
Thus, it can have a strong influence on the electronic and photophysical properties of the resulting 
conjugated polymers.  
 
More closely related to this work, a series of metallated conjugated copolymers (such as P1, Figure 2) 
were reported by Wong’s group with tunable band gaps and energy levels for BHJ-PSC applications.(3) 
Most of them contain conjugated thiophene units in the backbone. P1 was a soluble, intensely colored 
platinum metallopolyyne with a low band gap of 1.85 eV, and showed a power conversion efficiency 
with an average of 4.1% for the solar cell.(4) Afterwards, the structurally related polymer P2 was 
synthesized in Jen’s group using thieno[3,2-b]thiophene instead of thiophene as the flanking spacers and 
ethyl instead of butyl as the solubilizing side chains on [Pt]. It exhibits high ﬁeld-effect mobilities and 
3.73% of PCE value.(5) Soon after, a series of 11 organometallic conjugated polymers with [Pt] were 
investigated by Jenekhe’s group.(6) According to these literature results, [Pt] can be potentially used as 
a building block of the design of « push-pull » polymers for solar cells. 
 
 
Figure 2. Structures of P1 and P2. 
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In the UV-vis spectra, a new feature appears for the polymers, which is neither present in the spectra of 
the isolated donor and acceptor. This band is called a charge transfer (CT) band and represents an 
evidence for interactions between the donor and acceptor, and consequently witnesses the electronic 
communication across the backbone of the polymer. The presence of CT bands always arises from 
molecular orbital (MO) overlaps through π-conjugation namely (but not exclusively). The energy gap is 
much smaller and the CT band is red-shift. 
 
If the dihedral angle between the π systems of the donor and acceptor is small, the conjugation and 
interactions will be favored. This feature will result in a CT band placed more in the red region of the 
spectra. Conversely, if this angle is larger, then the CT band will be located more towards the blue 
region. Our group reported the synthesis and characterization of quinone (P3) and anthranquinone (P4) 
diimine-[Pt]-containing « push-pull » polymers (and related substituted polymers).(7) The buttefly 
structure of the anthraquinone diimine unit in P4 makes the conjugation across the backbone less 
favorable and the CT band is more blue shifted than that for P3. This observation shines some light on 
the relative degree of electronic communication across the backbone. 
 
 
Figure 3. Structures of P3 and P4. 
2. Zinc(II)porphyrin-containing « push-pull » polymers 
Chlorophylls in plants are acting as antennas and can harvest light for the natural photosynthetic 
processes. For simplicity in the synthesis, chemists use porphyrins as chlorophyll models and efficient 
centers to harvest light in organic solar cells such as dye-sensitized solar cells (DSSC), for example. 
Indeed, the porphyrin dye using the intramolecular « push-pull » concept (i.e. electron donor and 
acceptor within the same dye) reached a power conversion efficiency of 13%.(8) Due to the extended 
π-conjugation, high extinction coefficient, good photochemical and thermal stabilities of porphyrin and 
their derivatives, the porphyrin-containing chromophores can prove useful for potential applications in 
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DSSC`s as well as electron donors in PSCs. In this respect, one soluble porphyrin-dithienothiophene 
copolymer (P5) was reported by Bo’s group with a Sonogashira coupling reaction (Figure 4), the power 




Figure 4. Structure of P5. It is relatively simple to synthesize. 
Porphyrin-ethynyl-[Pt] polymer (P6) was synthesized by Wong’s group, based on the porphyrin- 




Figure 5. Structure of P6. 
Because of the narrow and strong Soret band in the 410-430 nm region, weaker Q-bands in the 530-540 
nm window, and no other absorption in between, which is typical for porphyrins, limited light 
absorption occurs and only low PCE’s can be obtained. So enlargement of the absorption spectra 
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including visible and near infrared (NIR) range can be a reasonable approach in order to address this 
problem using the « push-pull » concept. 
 
3. Objective of the Thesis 
The overall objective of this thesis is to design, synthesize and characterize new « push-pull » polymers 
and investigate their photophysical properties. Although the use of the « push-pull » concept is known in 
the literature, our research effort focused on a number of unexploited « push-pull » polymers which we 
believe are important for the potential applications in photovoltaic cells. With this purpose in mind, in 
Chapter 2, Chapter 3, and Chapter 5, the synthesis and characterization of organometallic 
trans-bis(ethynyl)bis(tributylphosphine)platinum(II), [Pt], and quinone or anthraquinone 
derivatives-based polymers with corresponding monomers, are described.  
 
In Chapter 2, we demonstrate that the electronic communication can still efficiently occur in formally 
non-conjugated polymers through the use of NH or NR fragments. In Chapter 3, we report a study where 
the position of the emission of the polymer strongly depends on the dihedral angle of the polymer 
backbone. Chapter 4 is the synthesis and characterization of four polymers built with zinc(II)porphyrin 
units and the derivatives from quinone and anthraquinone. There is a few examples of 
porphyrin-containing push-pull polymers in the literature, plus the experiences in the former Chapters, 
the design of other related polymers using porphyrin as donor whether they are formally conjugated 
(like in isoindigo) or not (like in 2,2’-anthraquinone) are interesting, by studying their optical and 
electronic properties, the charge transfer process occur in our polymers with different degree, the 
push-pull concept can efficiently broaden the absoption spectra which benefits the photon absoption, but 
the relaxation process in this series of porphyrin polymers are very fast, which is not expected for the 
heterojunction solar cells. In Chapter 5, we study the photophysical properties of polyaniline in its 
emeraldine version using simple chemical modifications such as the use of [Pt]. We obtain a better 







CHAPTER 1  THEORY  
1.1. One dimensional alternating copolymers ( -D-A-D-A-D-A-D-A-) 
A polymer, also called a large molecule or macromolecule, can be created by the polymerization of 
monomers (small units). In this thesis, the use of a donor (D) and an acceptor (A) is made and are linked 
together by C-C coupling, namely from Sonogashira coupling. The resulting polymer has the structure 
-D-A-D-A-D-A-D-A- and is commonly called an one dimensional alternating copolymer.  
 
1.1.1. The synthesis mechanisms 
In this thesis, most of the reported polymers are synthesized using the common Sonogashira coupling. 
The exact mechanism of the Sonogashira coupling is still under debate but one possible mechanism is 





Figure 6. The possible mechanism of the Sonogashira coupling.  




 Complex A (the active palladium catalyst Pd
0
L2), reacts with the aryl or vinyl halide (R-X) in 
an oxidative addition process to produce a Pd
II
 intermediate complex B. This step is believed to be 
the rate-limiting step of this series of reaction. 
 Complex B reacts in a transmetallation process with the copper acetylide to form complex F, 
which is produced in the copper cycle, to subsequently give intermediate complex C. 
 Complex D is produced in a trans-cis isomerization. 
 In the last step, complex D undergoes a reductive elimination to produce the alkyne, with the 
regeneration of the palladium catalyst A.  
For the copper cycle, there are 2 steps as follows: 
 Complex E (a -alkyne complex) is formed because of the presence of a base that makes the 
terminal proton on the alkyne more acidic, resulting in the formation of compound F (the copper 
acetylide).  
 Compound F continues to have reaction with the palladium intermediate B, forming complex C, 
with regeneration of the copper halide. 
 
Two catalysts participate in this reaction: a palladium complex and a copper(I) halide. Pd(PPh3)4 or 
Pd(PPh3)2Cl2 are commonly used as the catalyst. The regular amount needed for palladium catalyst is ≥ 
5 mol %, along with the similar amount of copper(I) halide. Pd(PPh3)2Cl2 is prefered as the pre-catalyst 
since it exhibits a greater stability than Pd
0
 over a long periods of time and can be stored under air/ normal 
laboratory conditions.(12) The inactive Pd
II
 catalyst can be reduced to Pd
0
 by using either an amine, 
a phosphine ligand, or a reactant in the reaction mixture at first, then allowing the reaction to proceed.(13) 
Copper(I) halide, such as copper iodide, is used to increase the rate of the reaction as a co-catalyst.(14) It 
reacts with the terminal alkyne and produce an activated species (the copper(I) acetylide) for the coupling 
reactions. 
 
Usually, the Sonogashira reaction is runing under mild conditions. It can be carried out at room 
temperature or at 60 ⁰C with a base (an amine, such as triethylamine) as the solvent. If the reactants are not 
soluble in the base, a mixture of solvent (THF/ Et3N) is often used. The reaction must be in basic 
conditions since the base is used to neutralize the hydrogen halide produced as a byproduct during the 
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coupling reaction. In addition, deaerated conditions are formally needed because the active palladium(0) 
complexes are unstable in air. 
 
While a copper(I) co-catalyst is used to increase reactivity in the Sonogashira coupling, the presence of 
copper(I) can result in the formation of alkyne dimers known as common product from the Glaser 
coupling reaction. This mechanism is described below. The amount of homocoupling acetylene 
byproducts depend on the activity of the reactants upon oxidation. Although the Sonogashira reaction with 
a copper(I) co-catalyst proceeds in an inert atmosphere, it is very difficult to avoid the formation of the 
unwanted dimerization products. Some alkyne reactants are very efficient for homocoupling. In some 
case, it is necessary to run the reaction under copper-free Sonogashira conditions. There are two proposed 




Figure 7. Proposed copper free mechanisms for the Sonogashira coupling. 
The mechanism placed on the left of Figure 7 exhibits the following steps: 1) oxidative addition of the 
aryl halide to the Pd(0) catalysts; 2) the alkyne reactant acts as a ligand to form complexation to the 
Pd(0), and the original ligand is replaced; 3) the new intermediate complex can facilitate deprotonation 
of the terminal alkyne and subsequent ligand has an exchange with the leaving group X; 4) the last step 
is reductive elimination, it gives rise to the desired coupling product. An alternate mechanism shown on 
the right of Figure 7 suggests that the amines can also substitute one ligand on the Pd(0) complex. It is 




Figure 8. Polymer synthesis proceeding via a Sonogashra coupling. 
In this thesis, diethynyl and dihalides (Br/ I) are the ending groups of the reactants (see Figure 8), so the 
Sonogashira coupling can occur on both of sides under catalytical conditions. The length of the chain, 
commonly called degree of polymerization, depends upon the exact ratio of the difunctional monomer 
pairs. Usually, Br and I are used as the halides, since Cl is very slow even inactive for carbon-carbon 
coupling. 
 
Figure 9. The Bohlmann's mechanism for Glaser coupling.  
One byproduct in the Sonogashira coupling with Cu(I) is coming from a Glaser coupling, so it is 
meaningful to explain it in details. The most reasonable mechanism was published in 1964 by 
Bohlmann et al.(17) (Figure 9) and proceeds according to the following steps. 1) The base is used to 
deprotonate the alkyne; 2) a copper(II) acetylide complex forms with N (base) as ligands, which 
collapses into the product. The reaction follows the second-order kinetics, and the rate-limiting step is 
the formation of a dicopper(II)-diacetylide complex based on the relationship between the conjugation 
length of the acetylenic precursor, the reaction rate, and on the inevitability of copper(I) salt when the 




The classical conditions of a Glaser coupling use copper(I) chloride or copper(I) bromide as catalyst 
under an additional oxidant like oxygen. The base N,N,N′N′-tetramethylethylenediamine (TMEDA) was 
used by Hay in 1962 as a solubilising ligand for copper(I) halides.(19) This copper–TMEDA complex 
can be soluble in a wide range of solvents like CH2Cl2, acetone, CH3CH2OH, etc. So, the choice of the 
solvents depends on the compatibility of reactants. 
 
Figure 10. Polymer synthesis by a Glaser coupling ( oxidative alkyne coupling). 
The homocoupling polymer can be synthesized as illustrated in Figure 10. The reactions occur on both 
ends of the alkyne-containing reactants, thus leading to the connection of repeatitive units. 
 
1.1.2. Molecular weight distribution of synthetic polymers 
Because the polymeric chain growing is a random process, there is always a distribution of different 
chain lengths. The molar mass distribution (or molecular weight distribution) in a polymer shown in 
Figure 11 describes the relationship between the number of moles of each polymer species (Ni) and the 
molar mass (Mi) of that species. There are two important terms for averaging the molecular masses 


















      
[1.1]  



















      
[1.2]  
The formulas for calculating Mw. 
 
As shown in Equation 1 and 2, the number average molar mass (Mn) is equal to the sum of all masses of 
n polymer molecules, and dividing by n; For the weight average molar mass (Mw), Ni is the number of 
molecules with molecular mass Mi, according to the formula, a heavier molecule has a larger 
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contribution to Mw than a smaller molecule. The ratio of the mass average to the number average (Mw 
/Mn) is called the dispersity.(20) 
 
Figure 11. A distribution of polymer chain molecular masses. 
Degree of polymerization (DP) means the number of monomeric units, if the DP is small, the term 
oligomer is used instead of polymer. Nowadays, gel permeation chromatography (GPC) is the most 
common technique for measuring polymer masses. The molecular weight is determined by comparison 
with a standard of known molecular weight (such as polystyrene). If the polymer is not exactly of the 
same shape as that for the standard (polystyrene is a random coil), then the report for polymer mass has 
some deviations.  
 
1.2. Photophysical properties and processes 
Photophysical processes can be radiative such as the absorption of light by a chromophore for example 
and does not lead to bond breaking or bond formation in a molecule. Instead, the absorbed light energy 
is, unpon relaxation, converted into light (i.e. radiative processes), electricity or heat (i.e. both 
non-radiative). So, the photophysical processes can be divided into radiative and non-radiative events. 
The radiative processes are sub-divided into absorption and emission. At first, the absorption process 
happens by absorbing a photon of sufficient energy, leading to excited state species. And then, the 





Figure 12. Energy level diagram illustrating the radiative and nonradiative processes.  
Figure 12 shows different possible relaxation processes: radiative processes such as fluorescence, and 




(i.e. heating and intermolecular 
collisions) and intersystem crossing. Every state (ground, S0, and excited states, Sn and Tn; n > 0) has 
different vibrational levels. The most probable vibrationnal levels to be populated depends on the square 
of the vibrational function (i.e. probability) of the finishing one showing the best overlap with that of the 
starting one. In other words, the two wave functions from two states with the best integral overlap will 
determine the absorption and relaxation efficiency. The absorption, fluorescence, phosphorescence and 
intersystem crossing are described below. 
1.2.1. Absorption 
In physics, absorption means the energy of a photon is taken up by matter such as molecules and 
polymers. Thus, the photon enegy is transformed into internal energy of the absorber (i.e. through its 
excited electronic structure). Based on quantum theory, a group of electronic states are available in every 
atom, ion or molecule. The lower energy state of diamagnetic molecules is referred to as the ground state 
(S0 for diamagnetic molecules as seen in Figure 12), the higher energy states mean the excited states (S1 , 
S2…… in Figure 12). When the photon is absorbed (the energy of the incident photon is equal to the 
energy difference between Sn or Tn and S0), the chromophores (i.e. absorbers) receive the photon energy 
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resulting into a higher energy state, this process can be described as R + hν → R∗. 
 
Absorption spectroscopy is a common technique to measure this absorption process. Thus, since organic 
molecules containing π-electrons or non-bonding electrons (n-electrons), for examples, can use this 
energy in the form of ultraviolet or visible light inducing the presence of and absorption band of equal 
energy between the ground and excited states. Ultraviolet–visible (UV-vis) spectroscopy (absorption 
spectroscopy in the ultraviolet-visible spectral region) involves the use of UV-vis spectrometer to 
detect  the intensity of the radiation that passes through the sample. In other words, the absorption 
spectrum is obtained by measuring the attenuation of the beam/light after passing the sample as 
illustrated in Figure 13. 
 
Figure 13. Representation of the light attenuation passing through a cell containing a chromophore.  
The absorption coefficient ε is one important property for moleules as well as any polymer materials. 
Under diluted conditions, it is measured by the Beer-Lambert law (B&L; A = ε l [c]) according to I1/I0 = 
10
-εl[c] 
or A = -log (I1/Io) where A is absorbance (unitless), I0 is the intensity of the incident light, I1 is the 
intensity after passing through the material, l is the distance that the light travels through the material 
(the path length) , [c] is the concentration of absorbing species in the material, and ε is the absorption 
coefficient or the molar absorptivity of the absorbing molecule or polymer (i.e. chromophore).  
 
The linearity of the Beer-Lambert law is limited by some chemical and instrumental factors. Under 
certain conditions, the Beer–Lambert law occurs with some deviations, losing the linear relationship 
between attenuation and concentration [c]. This circumstances are the presence of electrostatic 
interactions between molecules, scattering of light due to some particulates in the sample if any, 
fluoresecence or phosphorescence of the sample itself, some changes in refractive index at a high 
analyte concentration, shifts in chemical equilibria/structure changes as a function of concentration, or 
non-monochromatic radiation. Consequently, these conditions should be avoided in order to measure  
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accurately, in the linear region of this law. 
 
The polymers in this thesis are based on charge-transfer (donor-acceptor of electronic density) concept, 
charge-transfer system is an association of two species, in which a fraction of electronic charge is 
transferred between each other after exication, the source unit from which the charge is transferred is 
called the electron donor and the receiving unit is called the electron acceptor. It can be described as a 
mixture of ππ* excited state and Photo-induced electron transfer excited state shown in Equation 3. 
 1    ETCT      [1.3] 
Equation 3 is the description of charge transfer excited state. Where ψCT is wave function of charge 
transfer excited state, ψππ* is wave function of ππ* excited state, ψET is wave function of eletron transfer 
excited state. 
 
Figure 14. The electron density change diagram of charge transfer, Electron transfer, ππ* state after 
excitation. 
As shown in Figure 14, if the system is π conjugated system (meaning no acceptor/no donor), the 
electron density will just have a different distribution around the original atom or molecule after 
excitation. If the system belongs to an electron transfer state, this formal 1-electron transfer process will 
result in a formation of a charge separated state between a donor and acceptor after excitation. One 
electron will go from donor to acceptor, then the acceptor has one negative charge. For the charge 
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transfer process, the chromophore can be composed from one fragment of the type ππ* state acting as a 
donor plus another residue acting as an acceptor using withdrawing substituents or being an electron 
poor unit. Thus, a part of the electron density will move from donor to acceptor after absorbing energy, 
inducing a partial positive charge for the donor (+), and a partial negative charge (
-
) for the acceptor in 
the excited state. Most of time, this process provides a new absorption band called charge transfer 
band (CT band) in the system. This process is very obvious when it occurs at longer wavelengths of 
UV-vis spectra in a range where the donor and acceptor do not absorb. The materials become then more 
colored. The mechanism was explained above using the molecular orbital theory. The new CT band 
makes the whole absorption spectra broad and benefit to absorb photon as much as possible. 
 
1.2.2. Fluorescence 
Emission and luminescence are general terms meaning a radiative process regardeless of its origin and 
nature of the excited state. It includes the fluorescence and phosphorescence in diamagnetic molecules. 
Fluorescence is a radiative process occuring between two states of the same multiplicity (it is a spin 
allowed process). For example for S1→S0, the efficiency of the fluorescence process can be measured by 
the fluorescence quantum yield, F. It is defined as the ratio of the number of photons emitted over the 
number of photons absorbed ( Equation 4).(21)  
   F
Numbe r o f pho t ons em i t t ed
Numbe r o f pho t ons abso rbed
      [1.4] 
Experimentally, the relative fluorescence quantum yields, F, are measured from the comparison to a 
reference of known quantum yield,
 R,
 
under the exact same experimental conditions (excitation 
wavelength, slit widths, photomultiplier voltage, absorbance at the excitation wavelength, etc). The 






















          [1.5] 
where F and R are again the fluorescence quantum yield of the sample (to be determined) and the 









There are many references (also called standards) reported in the literature. For accuracy purposes, the 
selected standard must absorb and emit at the same place of the sample. The absorbance of both the 
standard and sample must be below 0.05 a.u. (in order to be in the linear region of the B&L law), the 
excitation wavelength must be the same for both, the spectra must be plotted in energy scale (cm
-1
) before 
calculating the area under the curve. 
 
Another way to calculate the fluorescence quantum yield,F, is using the ratio of fluorescence rate 
constant, kF, over the sum of the rate constants, ∑iki, for deactivation of the S1 state (Equation 6). This 
calculation can further be simplified by multiplying the radiative fluorescence constant kF with the 
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    [1.8] 
The relationship between the fluorescence lifetime and rate constants. 
 
where kF is the fluorescence rate constant, kIC is the internal crossing rate constant, kISC is the internal 
system crossing rate constant, ∑iki is the sum of the rate constants.  
 
In Equation 7, the relationship between fluorescence quantum yield,F, fluorescence rate constant kF, 
and fluorescence lifetime τF is provided. The fluorescence lifetime refers to the average time a molecule 
stays in its excited state before emitting a photon. it is 1
er 
order kinetic, an exponential decay usually in a 
nanosecond scale for organic molecules as shown in Equation 9. 
    teSS 
011
      [1.9]  
The formula of fluorescence lifetime τF. 
where [S1] is the concentration of excited state molecules at a given time t, [S1]0 is the initial concentration 
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and  is the decay rate or the inverse of the fluorescence lifetime (i.e. 1/F).  
 
A fluorescence spectrum is recorded using a spectrofluorimeter. The excitation wavelength is set at a 
wavelength where the sample could absorb light. The emission wavelength is sweeped across the 
spectrum. Fluorescence excitation spectrum can be measured in this way too. The emission wavelength 
is selected at a wavelength where the fluorescence occurs and the excitation wavelength is scanned 
across the spectrum. This spectrum is useful in comparison with the absorption spectrum. If both, 
excitation and absorption spectra match, this means that the fluorescence arises from the chromophore 
and not an impurity. If they do not match, then the observed emission comes from a different species 
from whom absorbs the light. In such a case, one possibility is the presence of impurities in the samples. 
 
Fluorescence spectroscopy is primarily concerned with different electronic and vibrational level states. 
Generally, the species being examined has a ground electronic state (a lowest energy state, S0), and 
several excited electronic states of higher energy (Sn, n>0). Within each of these electronic states, they 
are various vibrational levels. 
 
As shown in Figure 12, after the molecule is first excited by absorbing one photon, from its ground state, 
S0, to one of vibrational levels in the excited state, (v = n, Sn), the excited molecule will lose vibrational 
energy until it arrives the lowest vibrational level of the excited state by collisions, (v = 0, Sn). We will 
explain this process below. Then, the molecule drops down to anyone of the various vibrational levels of 
the ground electronic state, (v = n, S0), emitting a photon. As molecules could drop down into any 
vibrational levels in the ground state, (v = n, S0), the emitted photons can have different energies, and 
thus frequencies. The resulting analysis shows different frequencies and relative intensities of light 
emitted in the fluorescent spectra. Thus, the vibronic structure and the energy differences of the various 
vibrational levels of molecules can be determined. 
 
When the emitted photon has less energy than that of the absorbed photon, which usually is the common 
phenomenon, the emission spectra will be in the longer wavelength. This energy difference between 
emission peak and absorption peak is named the Stokes shift. If the emitted photon has more energy than 




As shown in Figure 15, the Stokes shift is the difference (in wavelength or frequency units) of the peak 
maxima between the absorption and emission spectra. Using Rhodamine 6G as an example, the Stokes 
shift is about 25 nm. 
 
Figure 15. The absorption and emission spectra of Rhodamine 6G with ~25 nm Stokes shift. 
Kasha's rule is one important rule in photophysics. It states that photon emission (fluorescence/ 
phosphorescence) occurs from the lowest excited state (S1 or T1) of a given multiplicity. Upon absorbing 
a photon, a molecule in ground state (S0, a singlet state) may be excited to any of higher excited states 
(denoted Sn where n > 0). However, according to Kasha's rule, photon emission (here, termed 
fluorescence in the case of a singlet state, S, is expected only from the lowest excited state, S1, in 
appreciable yield, which means the emission wavelength is not dependent on the excitation wavelength. 
(23) This rule can be explained by the Franck–Condon factors for vibronic transitions. The greater 
degree of overlap between the different vibrational wavefunctions, the more faster the molecule can 
undergo transition from the higher levels to the lower levels. Overlap is the most large when the two 
vibrational levels are closer in energy. The vibrational levels of the excited states in most of molecules 
all lie close together, so excited molecules in upper states can quickly reach the lowest excited state, S1, 
before they have time to emit a photon. The energy gap between S1 and S0 is greater, so the fluorescence 
occurs from S1 to S0, at the same time, it is kinetically competitive with nonradiative way. However, 
there are also some examples which do not obey Kasha's rule. When there is large energy gaps between 
excited states, the fluorescence could come from upper excited state (S2). An example is azulene: the 
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classical explanation is that the S1 and S2 states of azulene lie sufficiently far apart, so the fluorescence is 
observed mostly from S2.(24) And recently, trans-bis(ethynyl)bis(phosphine)platinum(II), [Pt], -quinone 
diimines (QN2) polymers were published by our group. These polymers are emissive in the blue region 
from the upper excited * triplet level of the [Pt] chromophore (i.e. T2→S0) in frozen solution at 77K, 
but are optically silent from the lower energy CT excited states, which violate Kasha's rule.(25) 
1.2.3. Intersystem crossing 
Above are mentioned the singlet (S) and triplet (T) states. When an electron in a molecule with a singlet 
ground electronic state, S0, is excited by absorption of light to a higher energy level, either an excited 
singlet state, Sn, or an excited triplet state, Tn, is formed or both. According to the Pauli Exclusion 
Principle, a pair of electrons in the same energy level must have opposite spins, so all electron spins are 
paired in the singlet ground state. After one electron is excited to the LUMO or a vacant MO, the spin of 
the excited electron is still paired with the unpaired electron on the HOMO, so the multiplicity is still a 
singlet. In a triplet state, the excited electron is no longer paired with the unpaired electron on the HOMO, 
that is, their spin directions are the same (Figure 16). Since excitation to a triplet state is a "forbidden" 
spin transition, a triplet state will form in lower probability when the molecule is excited.  
 
Figure 16. Electronic structure of the singlet and triplet states. The two MO levels are HOMO (below) 
and LUMO (above). 
Intersystem crossing is a process that a singlet state passes to a triplet state in a nonradiative way, or 
conversely a triplet transitions to a singlet state. If the vibrational levels of the two excited states (S and T) 
overlap, the enegy difference is very small, the probability of this process occurring is more favourable 
(Figure 17), since a little or no energy must be gained or lost in this transition process. Intersystem 
crossing is most common in heavy-atom molecules (e.g. those molecules containing Br/I/Pt for examples). 
The presence of heavy atoms increases the probability of singlet-triplet transitions by inducing 
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appreciable spin-orbit coupling in the chromophore. Simply-stated, it involves coupling of the electron 
spin with the orbital angular momentum of non-circular orbits. In addition, the external environment also 
can have effection on this process. The presence of paramagnetic species in solution can enhance 
intersystem crossing transitions.(26) 
 
Figure 17. photophysical processes leading to phosphorescence. 
1.2.4. Phosphorescence  
Phosphorescence is a radiative process occuring between two states of different multiplicities (it is a spin 
forbidden process), ex.: T1 → S0. In fact, the first step can be the population of a singlet excited state, 
then we obtain a triplet excited state via an intersystem crossing (ISC). The last step is the radiative decay 
from the excited triplet state back to the singlet ground state as phosphorescence.  
 
In the presence of heavy elements as transition metals (such as Pt) due to the larger of spin-orbit coupling 
properties of the heavier nuclei, molecule undergoes intersystem crossing to transgress the multiplicity 
selection rule a little, molecule could slowly relax to the ground state from triplet excited state with a spin 
change, so the lifetime scale of phosphorescence is in the µs, much longer than the fluorescence (ps-ns). 
 
Usually, we can observe phosphorescence in the solid state and at low temperature such as 77K. Since 
the non-radiative relaxation ways are less efficient in the solid state and at low temperature (i.e. larger 
medium leading to less intermolecular collisions with neighbouring molecules/solvent/O2), the sample 
has less non-radiative pathways for deactivation resulting in an increase concentration of molecules in 
the triplet excited state and therefore in a more intense phosphorescence.  
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1.3. Cycle voltammetry 
 
 
Figure 18. Typical cyclic voltammogram exhibiting the cathodic and anodic current peaks for a reversible 
reaction. 
Cyclic voltammetry (CV) is a type of potentiodynamic electrochemical measurement, and it has become 
a very important and widely used electroanalytical technique in many areas of chemistry and other fields. 
It has many applications in industry and laboratories. For example, it can be used to study a variety of 
redox processes, to determine the stability of reaction products, the presence of intermediates in redox 
reactions, electron transfer kinetics,(27) and the reversibility of a reaction (28) in solution. The utility of 
cyclic voltammetry is highly dependent on the analyte studied species. In our case, it is mainly used for 
measuring the HOMO/LUMO enegy level of molecules and polymers. 
 
A three-electrode setup (containing a reference, working, and counter electrodes) is used in a standard 
CV experiment. It is composed of a glassy carbon or platinum electrode, which are common materials 
for the working electrode. The counter electrode can be any materials, which conduct current easily and 
will have no reaction with the mother solution. The reference electrodes for organic solution can be 
Ag/Ag
+
 or Ag wire using ferocene as internal or external standard to keep accuracy, an electrolyte (such 
as NH4BF4) is needed in the mother solution to ensure sufficient conductivity. The potential range/ 
window that can be accessed during the experiment is determined by the solvent, electrolyte, and 
material composition of the working electrode. 
 
In a reversible electrochemistry system (One typical reversible cyclic voltammogram is shown in Figure 








       
[1.10]  
The formula in reversible cyclic voltammogram.
 
where Epc is the reduction peak potential, Epa is the oxidation peak potential, the oxidation current (ipa) 
and reduction current (ipc) is near unity (ipa/ipc = 1). When a reversible peak pair is observed, half cell 
potential E
0
1/2 can be determined. If the electrochemistry process is non-reversible, it is also possible to 
get useful information about the studied species, for example, the oxidative and reductive peak 
























CHAPTER 2 ELECTRONIC COMMUNICATION ACROSS N-LINKED 
UNCONJUGATED POLYMERS: IMPORTANT INSIGHT INTO 
THE CHARGE TRANSFER PROCESSES OF POLYANILINE 
 
2.1. About the Project 
Based on its rich chemistry, polyaniline has attracted a lot of attention among chemists and researchers, 
a lot of papers were published to study its derivatives and its properties. Polyaniline can be found in one 
of three forms: reduced leucoemeraldine, oxidized perigraniline, and mixed-valent emeraldine. We can 
prepare analogues of polyaniline by forming similar structures of polymers and tentatively obtain new 
materials with imporved conducting and photophysical properties. Moreover, we can also better study 
their mechanism and behavior using these as models. The trans-Pt(PR3)2Cl2 unit (R = alkyl or aryl group) 
can be used as a linker to build different polymers. One main property of the Pt(II) metal is that the 
carbon-platinum bond is very strong, increasing the stability of polymers. Moreover, the presence of the 
heavy atom platinum favours intersystem crossing thus making it possible to have potential applications 
in light emitting diodes. Our group previously reported benzoquinone, Q, and anthraquinone, AQ, 
diimine- containing conjugated Pt-polymers as organometallic versions of perigraniline, we found that 
trans-Pt(PR3)2(CRCC6H4)2 unit, [Pt], is acted as donor, Q (or AQ) diimine is acted as acceptor in these 
polymers, the red-shifted charge transfer, CT, band occurs and it depends on the degree of π-conjugation 
(dihedral angle) between units. After getting this conclusion, one question is coming out, if there is no 
π-conjugation between donor and acceptor, the CT interactions occur or not? So two polymers (P1 and 
P2) were designed in this project where we use N(Me) to stop the π-conjugation between [Pt] and 
α-linked Q, and [Pt] and maleimide, M, The latter is a weaker electron acceptor, π-conjugation along 
the backbone and π–π contacts between molecules do not exist in these 2 polymers. By studying their 
photophysical properties, the CT interactions in these 2 polymers indeed occur.  
 
This work was published in Chemical Communication, 2014, 50, 350-352 by Xiaorong Wang, Daniel 
Fortin, Gessie Brisard and Pierre D. Harvey. This research work was conducted in the Université de 
Sherbrooke under the supervision of Prof. Pierre D. Harvey. I synthesized all the molecules and 
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polymers, performed all the characterizations and calculations reported in the paper. Doctor Daniel 
Fortin made analysis of X-ray single crystal diffraction, Professor Gessie Brisard supervised me for the 
electrochemistry part. I wrote the first draft of the manuscript. Prof. Pierre D. Harvey made corrections 
and finalized the manuscript. 
2.2. Paper Published in Chemical Communication, 2014, 50, 350. 
Electronic communication across N-linked unconjugated polymers: important insight into the 
charge transfer processes of polyaniline  
Xiaorong Wang, Daniel Fortin, Gessie Brisard and Pierre D. Harvey*  
* Département de chimie, Université de Sherbrooke, Sherbrooke, Québec, Canada. J1K 2R1, E-mail: 
Pierre.Harvey@USherbrooke.ca; Tel: +1-819-821-7092 
 
2.2.1. Abstract 
The charge transfer bands [C6H4≡CPtL2C≡CC6H4]*→quinone seen in unconjugated ([Pt]-NMe-Q)n`s 








Polyaniline, PANI, is a -conjugated material with applications in electronic devices, sensors, solar 
energy conversion, rechargeable batteries, artificial muscles, and anticorrosive coatings.
1 
It exists under 
three insulating forms; reduced leucoemeraldine, oxidized perigraniline, and mixed-valent emeraldine 
becoming conducting, and strongly pH and electrochromic when protonated (Fig. 1, top). In parallel, 
platinum(II)polyynes are currently subject of great interest as they offer the possibility of applications in 






Figure 1.Top: The four different redox forms of PANI. Bottom: Structures of conjugated quinone and 
anthraquinone diimine-containing polymers. 
We recently studied series of benzo-, Q, and anthraquinone, AQ, diimine-containing conjugated 
Pt-polymers as organo-metallic versions of perigraniline (Fig. 1, bottom).
3
 These redox-active materials 
show push-pull processes defined by the donor- acceptor properties of the trans-Pt(PR3)2(C≡CC6H4)2 
unit, [Pt], and Q (or AQ), respectively (Fig. 1, bottom), inducing the growth of a red-shifted charge 
transfer, CT, band, [Pt]→Q (or AQ).3 The dihedral angle made by the aryl group and Q average planes 
and conjugation play key roles on their spectroscopic and redox behavior. We now report polymers 1 
and 2 where no conjugation between [Pt] and α-linked Q (1) and maleimide, M (2), here use as a 
weaker electron acceptor, exits (Scheme 1). Despite this structural trait, CT interactions still occur. This 
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report brings valuable insights on the electronic communication in emeraldine where unconjugated 
(benzene) and conjugated (Q-diimine) units separated by NH groups are placed along the chain.   
2.2.3. Results and Discussion 
2.2.3.1. Preparation and Characterization 
 
Scheme 1. Synthesis of 1 and 2 (L = PBu3). i) In(OTf)3, H2O, rt, 24 hrs. ii) CuI, THF/Et3N, Me3SiC≡CH, 
Pd(PPh3)2Cl2, 65°C, 16 hrs. iii) Bu4NF, CHCl3, reflux, 5 hrs. iv) trans-Pt(PBu3)2Cl2, CuI, THF/Et3N, 
65°C, 16 hrs. v) CuI, THF/Et3N, trans-Pt(PBu3)2(Ph)Cl, 65°C, 16 hrs. vi) xylene, reflux, 2 hrs. 
Polymers 1 and 2 were prepared from the same precursor 3
4
 in four steps. The use of NMe instead of 
NH is to avoid undesired Buchwald-Hartwig cross coupling reactions. First the coupling of 3 with Q in a 
2:1 ratio with In(OTf)3 in water affords 4, whereas the coupling of 3 with 8
5
 in xylene gives 9, which 
was confirmed by X-ray crystallography (Fig. 2). Both 4 and 9 were then reacted with Me3SiC≡CH 
under Sonogashira conditions to form 5 and 10, respectively. The former was analysed by X-ray 
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crystallography (Fig. 2). The deprotection of 5 and 10 with Bu4NF respectively leads to 6 and 11. Then 
they form polymers 1 and 2, respectively, when reacted with trans-Pt(PBu3)2Cl2 in a 1:1 ratio, or the 
model compounds 7 and 12 when reacted with trans-Pt(PBu3)2(Ph)Cl. Small angle X-ray scattering 
(SAXS) data of 1 and 2 reveal the presence of oligomers and thermal gravimetric analysis (TGA) 
indicates decomposition at 200°C (1) and 60°C (2)(Table 1 and ESI). 
 
Table 1. TGA and SAXS data of 1 and 2 in THF. 
 Tdec(°) d (nm) unit size (nm)
 a
 # units 
1 > 200 ~50 2.10 24 
2      ~60 ~50 1.96 26 
a




Figure 2. ORTEP drawings of 5 and 9 (the thermal ellipsoids are at 50% probability). Full detail is 
provided in the ESI.  
2.2.3.2. The X-ray data, optical properties and calculation analysis  
The X-ray data for 5 reveals that 1) the NMe groups are placed 0.129 and 0.294 Å away from the 
average Q plane, 2) the N-Cquinone distances (1.370 and 1.372 Å) are shorter that for the N-Cphenyl ones 
(1.426 and 1.428; note that the N-Me bond lengths are 1.456 and 1.463 Å), and 3) the average Q and 
phenyl planes make dihedral angles of 64.1 and 70.8°, all indicating that the N lone pair is locally 
conjugated with Q and very weakly with the side phenyls. Similarly for 9, 1) the NMe group placed 
0.207 Å away from the average M plane, 2) the shorter N-Cmaleimide distance (1.356 Å) that the N-Cphenyl 
ones (1.423 (on the NMe side) and 1.441; the N-Me bond length is 1.469 Å) and 3) the dihedral angles 
of 55.2 and 65.1° between the average M and phenyl planes indicate that the N lone pair is conjugated 




Figure 3. A: 298K absorption spectra of 1, 2, 7, and 12 in THF. B-F: 77K absorption (black), excitation 
(turquoise) and emission (red) spectra of trans-Pt(PBu3)2(C≡CC6H5)2, 1, 2, 7, and 12 in 2MeTHF. 
The cyclic voltammograms, CV, exhibit a similar trace with an irreversible oxidation wave at 0.74 (1), 
0.77 (7), 0.90 (2) and 0.90 (12) V vs Ag/Ag
+
 (ESI), which resemble that for trans-Pt(PEt3)2(C≡CC6H5)2 
(benzene/ ACN, Eox ~1.2 V vs Ag/AgCl).
6 
These data confirm absence of conjugation along the full 
chain (since the peak potentials between the monomers and their polymers are similar), and the poorer 
acceptor properties of M than that for Q (since the peak potentials for the Q-containing species are at 
lower positive potentials). The UV-vis spectra of 1, 2, 7, and 12 exhibit features at λ > 400 nm with 





 hence suggesting the presence 











LUMO, the energies are in eV. Bottom: TDDFT computed positions of the 100 
first 0-0 electronic transitions in 1 and 2 (blue lines; F = oscillator strength). The black traces are 
generated
 
by applying a thickness of 1000 cm
-1
 to the bar graph. Three Q’s and one M were selected for 1 
and 2, respectively, to test whether their number affects the results. The overall conclusions are the same. 
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This result is completely unexpected because Q and M are not conjugated with the 
C6H4C≡CPtL2C≡CC6H4 units. The obvious similarity in absorption and emission band positions for 1 vs 
7 and 2 vs 12 attests further the absence or weak conjugation all along the chain. The higher energy CT 
band in 2 and 12 reflects that M is a weaker electron acceptor than Q. 
Density functional theory (DFT) compute that the HOMO and HOMO-1 in 1 are composed of a 
bisethynyl-Q π-system and the Pt dxy orbital hence securing conjugation within the 
arylC≡CPtL2C≡Caryl fragment all the way to the carbonyls (Fig. 4). An exactly similar situation is 
computed for 2 where the atomic contributions of the bisethynyl-M -system and the Pt dxy orbital are 
computed all along the chain.  
Table 2. Spectrocopic data of the CT band and emission lifetimes.  





CT band, THF, 298K 







400 (11700)                               
400 (12100)                                                




108 ± 2 
  73 ± 2 
145 ± 6  







Figure 5. Structures of the CT-species 13 and 14. 
The LUMO exhibits atomic contributions centered on Q and M -systems for 1 and 2, respectively. The 
LUMO for 1 is placed lower in energy than that for 2 consistent with M being a weaker electron 
acceptor than Q. Electronic transitions between these MOs lead to [Pt]→Q and [Pt]→M CT processes. 
Time-dependent DFT (TDDFT) computations show that the lowest energy pure electronic transitions 
occur at 656 (0.002) and 615 (0.501) for 1 and at 471 (0.001) and 431 (0.256) for 2 (full detail is placed 
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in the ESI). These positions match the tail on the red side of the absorption bands (Fig. 3A), a region 
where the pure electronic transitions are expected. Applying a thickness of 1000 cm
-1
 to the bar graph 
(blue) of the 100 first electronic transitions, calculated spectra are obtained and their general shapes 
(Fig. 4) resemble that of the experimental ones hence supporting the CT assignments.   
These materials are not emissive at 298 K but are at 77 K (Fig. 3B-F) and their s time scale indicates 
triplet emissions (Table 2). The absence of any ns component suggests that no fluorescence occurs, 
which is an expected consequence of the heavy atom effect due to Pt. The striking result is the position 
of the 0-0 peaks (445 nm) noted for 7 and 1, which are placed at higher energy than the CT band tailing 
at ~650 nm. This suggests T2→S0 processes. The comparison of these emissions with that for 
C5H5CCPt(PBu3)2CCC6H5 (
3
()* of [Pt]; Fig. 3B) indicates that these high energy emissions are due to 
the [Pt]-localized phosphorescence. Moreover, there is no other red-shifted emission down to 850 nm 
(detection limit). This specific signature where no emission is observed after the CT band and 
appearance of high energy emissions has previously been noted for the conjugated Q diimine-containing 
polymers shown in Fig. 1,
3
 but also PANI in its insulating emaraldine base where an emission and CT 
absorption band are observed at 400 and 630 nm, respectively.
9
 Moreover, CT complexes arising from 
Q’s (and related species) and donors held by cofacial - contacts are known,10 and CT polymers have 





This work shows that polymers exhibiting CT bands with Q does not necessarily require -conjugation 
nor - contacts to occur. CT species using M have been much less studied than those for Q’s, but again 
conjugation between the donor and M promotes these CT interactions too.
12
 However, we are aware of 
one report where M’s are N-bonded to triphenylamine (Fig. 5, 14) which exhibits CT a process, and also 
turns out to be non-emissive at 298 K, like for 2 and 12.
13
 To the best of our knowledge, no polymer 
exhibiting M in the backbone with the vinyl part intact and substituted by a N-atom (NH or NMe for 
examples) exists. So, 2 and 12 are the first examples of this kind. Two CT processes on both ends of the 
dissymetric M unit occur as predicted by the DFT and TDDFT computations. These are 




Again, this work illustrates that CT interactions can occurs in the absence of -conjugation or cofacial 
-contacts with Q (or M) using the bridging NMe (or NH) unit. This finding is noteworthy as it sheds 
some light on the nature of the electronic communication in PANI in its emeraldine form which exhibits 
a characteristic blue-sky colour. Not only this colour stems from CT interactions between the reduced 
and oxydized units in the backbone, but polymers exhibiting the same features can also be designed 
using -bonded Q instead of Q-diimine. This is rendered possible with the NR bridging group placed 
between the donor and acceptor groups. This information is important for the design of photonic 
polymers. 
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were prepared according to literature procedures. All reactions were performed in Schlenk-tube flasks 
under purified nitrogen. All flasks were dried under a flame to eliminate moisture. All solvents were 







 A 73.2 mg quantity (0.200 mmol) of 6, 134 mg (0.200 mmol) of 
trans-Pt(PBu3)2Cl2, and 1.91 mg of CuI were dissolved in THF (50 mL) and  
Et3N (50 mL), and the reaction was stirred at 65 °C for 48h under N2. The 
solvent was then evaporated, and the residue was purified by column 
chromatography using CH2Cl2/hexane (1:1, v/v) as the eluent to give P1 (100 




H NMR (400 MHz, CDCl3): 
δ 7.26-7.21 (m, 4H, Ar), 6.93-6.91 (m, 4H, Ar), 5.50-5.48 (m, 2H, Ar), 3.39-3.36 (m, 6H, 2CH3), 2.10 (b, 
12H, 6PCH2C3H7), 1.58 (b, 12H, 6PCH2CH2C2H5),1.45-1.43(m, 12H, 6PCH2CH2CH2CH3),0.94-0.90 (m, 
18H, 6PCH2CH2CH2CH3) ppm.
31
P NMR (162 MHz, CDCl3): δ 4.23 (
1
JP-Pt = 2358 Hz) ppm. Anal. Calc. 
for (C48H70N2O2P2Pt)n: C, 59.80; H, 7.32; N, 2.91. Found:  C, 57.16; H, 7.64; N, 2.70%.  
Polymer 2 
  
     A 32.6 mg quantity (0.100 mmol) of 11, 67.0 mg (0.100 
mmol) of trans-Pt(PBu3)2Cl2, and 1.91 mg of CuI were dissolved 
in THF (50 mL) and  Et3N (50 mL), and the reaction was stirred 
at 65 °C for 48h under N2. The solvent was then evaporated, and the residue was purified by column 
chromatography using CH2Cl2/hexane (1:1, v/v) as the eluent to give P2 (60.2 mg, 60.2%) as an orange 




H NMR (400 MHz, CDCl3): δ  
7.29-7.25 (m, 4H, Ar), 7.16 (d, J=5.4 Hz, 2H, Ar), 7.08 (d, J=10 Hz, 2H, Ar), 5.09 (s, 1H, Ar), 3.60 (s, 
3H, CH3), 2.09 (b, 12H, 6PCH2C3H7), 1.56 (b, 12H, 6PCH2CH2C2H5), 1.42 (b, 12H, 
6PCH2CH2CH2CH3), 0.91 (b, 18H, 6PCH2CH2CH2CH3) ppm.
31
P NMR (162 MHz, CDCl3): δ 4.32 
(
1
JP-Pt = 2348 Hz) ppm. Anal. Calc. for (C45H66N2O2P2Pt)n: C, 58.49; H, 7.20; N, 3.03. Found: C, 56.75; 
H, 7.46; N, 3.23%.  
Compound 4  4-iodo-N-methylaniline 3 (2.33 g, 10.0 mmol), benzoquinone (1.08 g, 10.0 mmol) and 
In(OTf)3 (280 mg, 0.500 mmol) in water (100 mL) were stirred at room temperature for 24 h. The 
reaction was monitored by TLC. After 3 were disappeared, the reaction mixture was extracted with 
CHCl3. The combined organic layer was dried over Na2SO4 and evaporated to remove the solvent. The 
crude product was purified by chromatography on silica gel using CH2Cl2/hexane (1:1, v/v) to give 4 as 




H NMR (400 MHz, CDCl3): 
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δ 7.66 (d, J=12 Hz, 4H, Ar), 6.83 (d, J=8 Hz, 4H, Ar), 5.57 (s, 2H, Ar), 3.27 (s, 6H, 2CH3) ppm. 
13
C 
NMR (101 MHz, CDCl3): δ 181.67 (C=O), 151.01, 148.01, 138.77, 127.35, 108.17, 90.83, 43.14 ppm. 
ESI-Tof: m/z calculated: 592.9193 (MNa
+
), m/z observed: 592.9197 (MNa
+
).  
Compound 5  To a solution of 4 (855 mg, 1.50 mmol), PdCl2(Ph3P)2 (52.7 mg, 0.0750 mmol) and CuI 
(14.3 mg, 0.0750 mmol) in Et3N (75 mL) and THF (75 mL), TMSA (0.60 mL, 4.50 mmol) was added 
under N2. After stirring overnight at 65 °C, all volatile components were removed under reduced 
pressure. The residue was purified by column chromatography using CH2Cl2/hexane (1:1, v/v) as the 





NMR (400 MHz, CDCl3): δ 7.43 (d, J=8 Hz, 4H, Ar), 7.00 (d, J=8 Hz, 4H, Ar), 5.61 (s, 2H, Ar), 3.29 (s, 
6H, 2CH3), 0.24 (s, 18H, 2Si (CH3)3) ppm. 
13
C NMR (101 MHz, CDCl3): δ 181.52 (C=O), 150.93, 
148.02, 133.13, 124.86, 120.72, 108.50, 104.53, 94.84, 42.78, 0.00 ppm. ESI-Tof: m/z calculated: 
533.2051 (MNa
+
), m/z observed: 533.2052 (MNa
+
).  
Compound 6  Tetrabutylammonium fluoride solution (3 mL, 1 M in THF) was added to a stirred 
solution of 5 (510 mg, 1.00 mmol) in CHCl3 (100 mL). After stirring at room temperature for 3h, water 
(30 mL) was added to quench the reaction. The reaction mixture was extracted with CHCl3. The 
combined organic layer was dried over Na2SO4 and evaporated to remove the solvent. The product was 
purified by column chromatography using CH2Cl2/hexane (1:1, v/v) as the eluent to give 6 (300 mg, 




H NMR (400 MHz, 
CDCl3): δ 7.47 (d, J=12 Hz, 4H, Ar), 7.03 (d, J=8 Hz, 4H, Ar), 5.63 (s, 2H, Ar), 3.30 (s, 6H, 2CH3), 3.08 
(s, 2H, 2C≡CH) ppm. 13C NMR (101 MHz, CDCl3): δ 181.72, 151.09, 148.55, 133.51, 125.18, 119.88, 
108.74, 83.29, 43.00 ppm. ESI-Tof: m/z calculated: 389.1260 (MNa
+
), m/z observed: 389.1264 (MNa
+
).  
Compound 7  To a stirred mixtures of ligand 6 (18.3 mg, 0.0500 mmol) and two molar equivalents of 
trans-[PtCl(Ph)(PBu3)2] (71.2 mg, 0.100 mmol) in NEt3 (50 mL) and THF (50 mL), CuI (2.00 mg) was 
added as the catalyst. The solution was stirred at 65 °C for 16 h under nitrogen, after which all volatile 
components were removed under vacuum. The crude product was purified by column chromatography 





H NMR (400 MHz, CDCl3): δ 7.29-7.23 (m, 8H, Ar), 6.96-6.91 (m, 8H, Ar), 6.78 (t, 
J=7.2 Hz, 2H, Ar), 5.49 (s, 2H, Ar), 3.38 (s, 6H, 2N-CH3), 1.72-1.68 (m, 24H, 12PCH2C3H7),1.48-1.45 
(m, 24H, 12PCH2CH2C2H5), 1.37-1.31 (m, 24H, 12PCH2CH2CH2CH3), 0.88 (t, J= 7.2 Hz, 36H, 
12PCH2CH2CH2CH3) ppm.
31
P NMR (162 MHz, CDCl3): δ 3.06 (
1
JP-Pt = 2619 Hz) ppm. 
13
C NMR (101 
 37 
 
MHz, CDCl3): δ 182.09, 156.56, 151.80, 139.39, 131.95, 125.00, 121.46, 115.20, 109.66, 106.96, 43.30, 
26.31, 23.16, 22.83, 14.05 ppm. ESI-Tof: m/z calculated: 1740.8600 (MNa
+
), m/z observed: 1740.8600 
(MNa
+








10.0 mmol), 3-bromo-1-iodophenyl-1H-pyrrole-2,5-dione 
(3.78 g, 10.0 mmol) and Et3N (2 mL) in xylene (10 mL) were under reflux for 2 h. after cooling down, 
The crude product was purified by chromatography on silica gel directly using CH2Cl2/hexane (2:1, v/v)  




H NMR (400 MHz, 
CDCl3): δ 7.75 (m, 4H, Ar), 7.11 (d, J=6.8 Hz, 2H, Ar), 7.01 (d, J=6.4 Hz, 2H, Ar), 5.21 (s, 1H, Ar), 3.54 
(s, 3H, CH3) ppm. 
13
C NMR (101 MHz, CDCl3): δ 169.19 (C=O), 164.98(C=O), 149.41, 144.90, 139.09, 
138.17, 131.72, 127.91, 127.54, 93.23, 92.64, 92.50, 42.00 ppm. ESI-Tof: m/z calculated: 552.8880 
(MNa
+
), m/z observed: 552.8885 (MNa
+
).  
Compound 10  To a solution of 9 (530 mg, 1.00 mmol), PdCl2(Ph3P)2 (35.1 mg, 0.0500 mmol) and 
CuI (9.55 mg, 0.0500 mmol) in Et3N (50 mL) and THF (50 mL), TMSA (0.30 mL, 3.00 mmol) was 
added under N2. After stirring overnight at rt, all volatile components were removed under reduced 
pressure. The residue was purified by column chromatography using CH2Cl2/hexane (1:1, v/v) as the 





H NMR (400 MHz, CDCl3): δ 7.25 (t, J=7.6 Hz, 4H, Ar), 7.07 (d, J=8.4 Hz, 2H, Ar), 6.92 (d, 
J=8.4 Hz, 2H, Ar), 4.95 (s, 1H, Ar), 3.28 (s, 3H, CH3), 0.00 (d, J=3.6 Hz, 18H, 2Si (CH3)3) ppm. 
13
C 
NMR (101 MHz, CDCl3): δ 169.17, 164.93, 149.21, 144.93, 133.31, 132.40, 131.96, 125.53, 125.14, 
122.40, 121.92, 104.51, 104.02, 95.73, 94.91, 93.31, 41.57, 0.05 ppm. ESI-Tof: m/z calculated: 
493.1738 (MNa
+
), m/z observed: 493.1734 (MNa
+
).  
Compound 11  Tetrabutylammonium fluoride solution (1.50 mL, 1 M in THF) was added to a stirred 
solution of 10 (282 mg, 0.600 mmol) in CHCl3 (100 mL). After stirring at room temperature for 3 h, 
water (30 mL) was added to quench the reaction. The reaction mixture was extracted with CHCl3. The 
combined organic layer was dried over Na2SO4 and evaporated to remove the solvent. The product was 
purified by column chromatography using CH2Cl2/hexane (2:1, v/v) as the eluent to give 11 (100 mg, 





(400 MHz, CDCl3): δ 7.53 (dd, J=8, 2.4 Hz, 4H, Ar), 7.33 (d, J=8.4 Hz, 2H, Ar), 7.20 (d, J=8.4 Hz, 2H, 
Ar), 5.23 (s, 1H,Ar), 3.55 (s, 3H, CH3) , 3.12 (s, 1H, C≡CH), 3.08 (s, 1H, C≡CH) ppm. 13C NMR (101 
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MHz, CDCl3): δ 169.03, 164.83, 149.11, 145.12, 133.42, 132.54, 132.11, 125.61, 125.21, 121.29, 120.84, 
93.30, 83.00, 82.55, 78.38, 77.77, 41.57 ppm. ESI-Tof: m/z calculated: 349.0948 (MNa
+




Compound 12  To a stirred mixtures of ligand 11 (16.3 mg, 0.0500 mmol) and two molar equivalents 
of trans-[PtCl(Ph)(PBu3)2] (71.2 mg, 0.100 mmol) in NEt3 (50 mL) and THF (50 mL), CuI (2.00 mg) 
was added as the catalyst. The solution was stirred at 65 °C for 16 h under nitrogen, after which all 
volatile components were removed under vacuum. The crude product was purified by column 
chromatography using CH2Cl2/hexane (1:2, v/v) as the eluent to give 12 (45.1 mg, 52%) as a yellow gel. 




H NMR (400 MHz, CDCl3): δ  7.31-7.27 (m, 8H, Ar), 7.15 (d, 
J=6.8 Hz, 2H, Ar), 7.08 (d, J=6.4 Hz, 2H, Ar), 6.97-6.92 (m, 4H, Ar), 6.78 (dd, J=12.8, 6.4 Hz, 4H, Ar), 
5.09 (s, 1H, Ar), 3.62 (s, 3H, CH3), 1.72-1.68 (m, 24H, 12PCH2C3H7), 1.48-1.45 (m, 24H, 
12PCH2CH2C2H5), 1.37-1.30 (m, 24H, 12PCH2CH2CH2CH3), 0.88 (m, 36H, 12PCH2CH2CH2CH3) 
ppm.
31
P NMR (162 MHz, CDCl3): δ 4.20 (1
J
P-Pt = 2352 Hz) ppm. 
13
C NMR (101 MHz, CDCl3): δ 
170.30, 165.90, 156.58, 156.26, 149.91, 141.66, 139.39, 139.33, 131.97, 131.23, 129.19, 129.05, 128.20, 
127.48, 127.41, 125.93, 124.83, 121.58, 121.46, 116.49, 115.02, 109.87, 109.50, 91.78, 41.35, 26.31, 
24.57, 23.00, 14.03 ppm. ESI-Tof: m/z calculated: 1677.8449 (MH
+
), m/z observed: 1677.8483 (MH
+
). 
Anal. Calc. for C81H130N2O2P4Pt2: C, 57.98; H, 7.81; N, 1.67. Found: C, 58.23; H, 8.16; N, 1.99%. 
Apparatus 




C NMR and 
31
P NMR spectra were collected on a Bruker DRX400 
spectrometer using the solvent as chemical shift standard. High resolution mass measurements (HR-MS) 
were carried out in the same conditions as previously using PEG ion series as internal calibrant or on a 
Bruker Micro-QTOF instrument in ESI mode. The spectra were measured from freshly prepared 
samples. The IR spectra were acquired on a Bomem FT-IR MB series spectrometer equipped with a 
baseline-diffused reflectance. The UV-vis spectra were recorded on a Hewlett-Packard diode array 
model 8452A. The emission and excitation spectra were obtained using a double monochromator 
Fluorolog 2 instrument from Spex. The fluorescence lifetimes were measured on a Timemaster Model 
TM-3/2003 apparatus from PTI. The source was a nitrogen laser with a high-resolution dye laser (fwhm 
~ 1.5 ns), and the fluorescence lifetimes were obtained from high-quality decays and deconvolution or 
distribution lifetime analysis. The uncertainties were about ±40 ps based on multiple measurements. the 
thermogravimetric analysis (TGA) measurements were performed on thermal gravimetric analyzer 
(model Perkin-Elmer TGA-6) under a nitrogen flow at a heating rate of 10 °C/min.  
 39 
 
SAXS  The Small-Angle X-ray Scattering, SAXS, patterns were collected with a Bruker AXS Nanostar 
system equipped with a Microfocus Copper Anode at 45 kV / 0.65 mA, MONTAL OPTICS and a 
VANTEC 2000 2D detector at 106.40 cm distance from the samples calibrated with a Silver Behenate 
standard. The solutions were prepared saturated in distilled 2-MeTHF, and placed in quartz cells for 
measurements. The blanks were measured first and subtracted to the measured data. The diffracted 
intensities were then integrated from 0.10 to 3.40 deg. 2-theta and treated with Primus GNOM 3.0 
program from ATSAS 2.3 softwares, to determine the particle sizes by pair distance distribution.24 The 
collection exposure times were 1000 seconds / sample. 
Electrochemistry  Electrochemical measurements were carried out using a standard three-electrode 
configuration  (Pt working electrode, a platinum counter electrode and a Ag/Ag
+
 (0.1M AgNO3, 0.1M 
Bu4NPF6 in MeCN) reference electrode) and a PARC 273A potentiostat interfaced to a personal 
computer at room temperature under a flow of nitrogen gas. The solvent in all measurements was 
deoxygenated THF, and the supporting electrolyte was 0.1 M Bu4NPF6. 
Computations  Calculations were performed with Gaussian 09
5
 at the Université de Sherbrooke with 
Mammouth super computer supported by le Réseau Québécois de Calculs de Haute Performances.The 
hybrid B3LYP exchange-correlation function has been considered because of the high accuracy of the 
ensued results.
6
 LANL2DZ pseudopotentials were used on platinum and phosphorus atoms, with 
LANL2DZ basis set for platinum and 3-21G* for all other atoms.
7
  The model compound for polymer 
1 and 2 were optimized before the time-dependent density-functional theory (TDDFT) calculations. 
Only the relevant (stronger oscillator strength and wave function coefficients) molecular orbitals are 
shown. All computations were performed without symmetry constraints. 
X-ray experimental section 
Diffraction data frames for 5 and 9 were collected at 100 K on a Bruker Apex Duo and integrated with 
the Bruker SAINT software package using a narrow-frame algorithm. Data were corrected for 
absorption effects using the multi-scan method (SADABS),The structure was solved by direct methods 
(SIR 92)
8
 and refined with SHELXL97.
9 
All non–hydrogen atoms were refined with anisotropic thermal 
parameters. The hydrogen atoms were placed in calculated positions and included in final refinement 

























DFT and TDDFT calculations for 1 and 2 
 




Figure 2. Representation of the frontier MOs of 2. The MO energies are in Hartree. 
The predicted Phosphorescence wavelengths below were obtained by calculating the difference in the 
total energy between the optimised triplet state and the optimised singlet state.  This energy difference 
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is equated to the T1-S0 gap and can therefore be used to predict the Phosphorescence wavelength of a 
compound. 
Table 3. Predicted Phosphorescence Wavelengths of 1 and 2.    
 
Compound 
T1-S0 energy gap Predicted Phosphorescence 
Wavelength (nm) Hartree eV 
1 0.03566 0.97 1278 




Figure 3. Representation of the HSOMO and LSOMO of 1. The MO energies are in Hartree. 
 
 
Figure 4. Representation of the HSOMO and LSOMO of 2. The MO energies are in Hartree. 
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Strength Major contribs 
656.2 0.0022 HOMO→LUMO (88%) 
615.2 0.5013 H-1→LUMO (89%) 
546.2 0.0011 H-2→LUMO (85%) 
536.5 0.0393 H-3→L+1 (31%), H-1→L+1 (20%), HOMO→L+1 (41%) 
531.8 0.0526 H-5→LUMO (10%), H-3→LUMO (72%) 
527.7 0.0266 H-4→L+2 (14%), H-2→L+2 (65%), H-1→L+2 (15%) 
499.1 0.0176 H-5→L+1 (17%), H-3→L+1 (31%), HOMO→L+1 (41%) 
497.5 0.0046 H-1→L+2 (24%), HOMO→L+2 (60%) 
493.3 0.0005 H-6→LUMO (17%), H-5→LUMO (50%), H-4→LUMO (11%), H-3→LUMO (12%) 
483.0 0.0120 H-7→LUMO (27%), H-6→LUMO (28%), H-4→LUMO (27%) 
479.8 0.0210 H-4→L+2 (22%), H-1→L+2 (41%), HOMO→L+2 (34%) 
476.3 0.0115 H-1→L+1 (71%), HOMO→L+1 (16%) 
475.4 0.0000 H-6→LUMO (18%), H-5→LUMO (12%), H-4→LUMO (50%) 
471.6 0.0435 H-4→L+2 (46%), H-2→L+2 (24%), H-1→L+2 (19%) 
463.3 0.0182 H-7→LUMO (30%), H-6→LUMO (36%), H-5→LUMO (17%) 
450.1 0.0320 H-6→L+1 (12%), H-5→L+1 (16%), H-2→L+1 (54%) 
443.8 0.0263 H-6→L+1 (15%), H-5→L+1 (13%), H-3→L+1 (26%), H-2→L+1 (42%) 
439.2 0.0125 
H-31→LUMO (10%), H-21→LUMO (11%), H-20→LUMO (23%), H-13→LUMO (13%), 
H-10→LUMO (19%) 
434.0 0.0002 H-3→L+2 (94%) 
430.4 0.0049 
H-31→LUMO (14%), H-21→LUMO (17%), H-20→LUMO (18%), H-13→LUMO (15%), 
H-7→LUMO (13%) 
429.8 0.0001 H-6→L+1 (60%), H-5→L+1 (35%) 
421.8 0.0003 H-20→LUMO (43%), H-10→LUMO (30%), H-8→LUMO (19%) 
415.4 0.0012 H-17→L+1 (30%), H-16→L+1 (67%) 
415.1 0.0004 H-15→L+2 (97%) 
408.4 0.0144 H-19→L+1 (89%) 
407.5 0.0109 H-18→L+2 (91%) 
407.3 0.0010 H-9→LUMO (15%), H-8→LUMO (11%), H-4→L+1 (65%) 
407.2 0.0043 H-9→LUMO (36%), H-8→LUMO (27%), H-4→L+1 (27%) 
405.8 0.0003 H-10→LUMO (21%), H-9→LUMO (44%), H-8→LUMO (33%) 
405.8 0.0004 H-5→L+2 (84%) 
396.6 0.0004 H-7→L+2 (10%), H-6→L+2 (89%) 
392.6 0.0034 H-7→L+2 (76%), H-6→L+2 (11%) 
391.9 0.0000 H-11→LUMO (100%) 
390.4 0.0004 H-12→LUMO (100%) 
383.7 0.1560 H-21→LUMO (13%), H-13→LUMO (66%) 
380.1 0.0379 H-7→L+1 (94%) 
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373.3 0.4672 H-8→L+2 (79%) 
372.8 0.3653 H-9→L+1 (73%) 
359.0 0.0088 H-10→L+2 (54%), H-9→L+2 (32%) 
358.5 0.0010 H-8→L+1 (85%) 
356.7 0.0392 H-14→LUMO (82%) 
353.9 0.0019 H-10→L+2 (38%), H-9→L+2 (57%) 
352.0 0.0019 H-10→L+1 (87%) 
351.6 0.0001 H-11→L+1 (99%) 
349.4 0.0001 H-12→L+2 (100%) 
346.6 0.0083 H-21→LUMO (12%), H-17→LUMO (56%), H-16→LUMO (27%) 
341.3 0.1090 H-26→LUMO (17%), H-24→LUMO (27%), H-23→LUMO (34%) 
340.7 1.1526 H-1→L+4 (14%), HOMO→L+3 (35%) 
338.7 0.5826 H-31→LUMO (23%), H-21→LUMO (15%), HOMO→L+3 (21%) 
336.2 0.0393 H-13→L+2 (83%) 
335.1 0.0005 H-13→L+1 (77%) 
334.7 0.0234 H-13→L+1 (15%), H-1→L+3 (35%), HOMO→L+4 (32%) 
333.6 0.0000 H-11→L+2 (100%) 
333.2 0.0000 H-12→L+1 (97%) 
332.5 0.0000 H-15→LUMO (99%) 
332.1 0.0000 H-17→LUMO (33%), H-16→LUMO (67%) 
325.1 0.0949 H-2→L+3 (49%), H-2→L+4 (23%) 
324.4 0.0007 H-18→LUMO (99%) 
324.1 0.0000 H-19→LUMO (99%) 
319.2 0.0033 H-14→L+2 (85%) 
317.4 0.0016 H-26→LUMO (35%), H-22→LUMO (45%) 
316.4 0.0004 H-23→LUMO (10%), H-17→L+1 (22%), H-6→L+4 (10%) 
316.1 0.0041 H-26→LUMO (11%), H-23→LUMO (19%), H-17→L+1 (17%) 
315.3 0.0153 H-1→L+4 (21%), HOMO→L+5 (19%) 
313.3 0.0092 H-17→L+1 (19%), H-6→L+3 (15%), H-6→L+4 (19%), H-5→L+4 (10%) 
312.3 0.0007 H-30→LUMO (11%), H-29→LUMO (80%) 
312.2 0.0002 H-30→LUMO (87%) 
311.9 0.0034 H-24→L+1 (52%), H-23→L+1 (23%) 
311.4 0.0016 H-25→L+2 (56%), H-22→L+2 (29%) 
309.1 0.0124 H-28→L+1 (90%) 
309.1 0.0112 H-27→L+2 (87%) 
308.8 0.0001 H-25→LUMO (61%), H-24→LUMO (11%), H-22→LUMO (18%) 
308.7 0.0003 H-26→LUMO (11%), H-25→LUMO (10%), H-24→LUMO (53%), H-23→LUMO (18%) 
308.6 0.0047 H-1→L+3 (30%), HOMO→L+4 (35%) 
307.4 0.0666 H-3→L+3 (21%), H-3→L+4 (27%), H-1→L+5 (19%) 
307.1 0.0014 H-14→L+1 (87%) 
305.3 0.0075 H-33→L+1 (91%) 
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305.1 0.0061 H-32→L+2 (88%) 
302.9 0.2450 H-4→L+3 (15%), H-2→L+5 (41%) 
301.4 0.0000 H-27→LUMO (98%) 
301.3 0.0000 H-28→LUMO (98%) 
300.5 0.0505 H-1→L+4 (27%), H-1→L+5 (10%) 
299.2 0.0001 H-17→L+2 (56%), H-16→L+2 (42%) 
298.4 0.0000 H-15→L+1 (99%) 
297.5 0.0000 H-17→L+2 (43%), H-16→L+2 (57%) 
297.2 0.0000 H-32→LUMO (99%) 
297.0 0.0211 HOMO→L+5 (21%), HOMO→L+6 (28%) 
296.7 0.0000 H-33→LUMO (99%) 
295.4 0.1339 H-5→L+3 (12%), H-1→L+4 (13%) 
292.9 0.0025 H-25→L+2 (18%), H-22→L+2 (45%) 
291.9 0.0433 H-7→L+3 (13%), H-4→L+5 (12%) 
291.9 0.0001 H-18→L+1 (100%) 
291.0 0.0000 H-19→L+2 (100%) 
290.9 0.0002 H-26→L+1 (36%), H-23→L+1 (39%) 
289.1 0.0098 H-1→L+17 (21%), HOMO→L+17 (20%), HOMO→L+18 (11%) 
289.0 0.0258 H-3→L+3 (11%), H-2→L+3 (15%), H-2→L+4 (25%) 
288.8 0.0056 H-1→L+16 (12%), H-1→L+18 (34%), HOMO→L+17 (23%) 
287.8 0.0016   
287.1 0.0001 H-20→L+1 (89%) 
286.8 0.0646 HOMO→L+11 (22%), HOMO→L+14 (17%) 
 






470.6 0.0012 HOMO→LUMO (88%) 
431.1 0.2559 H-1→LUMO (89%) 
398.8 0.0765 H-3→LUMO (20%), H-2→LUMO (63%) 
386.2 0.0326 H-3→LUMO (69%), H-2→LUMO (14%) 
377.1 0.0084 H-5→LUMO (20%), H-4→LUMO (63%), H-2→LUMO (10%) 
371.5 0.0577 H-5→LUMO (66%), H-4→LUMO (27%) 
344.4 0.3989 H-6→LUMO (76%), HOMO→L+1 (11%) 
340.9 0.9396 H-6→LUMO (11%), HOMO→L+1 (77%) 
323.7 0.1295 H-20→LUMO (70%), H-1→L+2 (14%) 
322.5 0.4369 H-20→LUMO (15%), H-1→L+2 (54%) 
320.0 0.0001 H-7→LUMO (100%) 
318.7 0.0046 H-5→L+1 (19%), H-3→L+1 (25%), H-2→L+1 (33%) 
316.6 0.0001 H-8→LUMO (99%) 
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310.5 0.0118 H-4→L+2 (35%), H-3→L+2 (32%) 
303.9 0.0255 H-9→LUMO (17%), HOMO→L+2 (51%) 
302.3 0.007 H-13→LUMO (22%), H-9→LUMO (47%) 
301.0 0.0021 H-13→LUMO (64%), H-9→LUMO (16%) 
300.1 0.0224 H-1→L+1 (32%), H-1→L+3 (12%), HOMO→L+2 (19%) 
297.7 0.0654 H-5→L+1 (15%), H-2→L+1 (15%), H-1→L+3 (24%) 
294.7 0.0014 H-5→L+1 (14%), H-1→L+1 (39%) 
292.4 0.0009 HOMO→L+9 (43%), HOMO→L+10 (36%), HOMO→L+12 (12%) 
291.0 0.1891 H-10→LUMO (11%), H-4→L+2 (10%), H-2→L+2 (13%) 
287.9 0.0495 HOMO→L+4 (50%) 
287.5 0.0154 H-10→LUMO (50%), H-4→L+2 (10%) 
287.0 0.0022 H-1→L+8 (81%) 
285.4 0.0018 H-18→LUMO (36%), H-1→L+5 (29%) 
284.0 0.1541 H-10→LUMO (26%), H-3→L+3 (19%), H-2→L+3 (10%),  
HOMO→L+3 (14%) 
280.7 0.0465 H-4→L+3 (10%), HOMO→L+3 (52%) 
278.9 0.0001 H-3→L+1 (25%), H-2→L+1 (16%) 
277.3 0.0128 H-3→L+1 (14%), H-3→L+4 (10%), HOMO→L+9 (11%),  
HOMO→L+10 (13%) 
276.8 0.0025 HOMO→L+7 (54%) 
276.0 0.0137 H-18→LUMO (39%), H-1→L+5 (14%), HOMO→L+7 (21%) 
275.4 0 H-11→LUMO (100%) 
274.9 0.0557 H-4→L+3 (12%), H-2→L+2 (14%), HOMO→L+3 (16%) 
274.5 0 H-12→LUMO (99%) 
273.3 0.0017 H-4→L+8 (38%), H-3→L+8 (38%) 
272.4 0.1359 HOMO→L+9 (29%), HOMO→L+10 (30%) 
271.6 0.0024 H-23→LUMO (63%) 
270.4 0.0722 H-4→L+1 (35%), H-3→L+2 (14%), H-2→L+2 (10%) 
270.2 0.0084 H-14→LUMO (10%), H-1→L+5 (16%), HOMO→L+5 (40%) 
270.2 0.0013 H-2→L+9 (10%), H-2→L+10 (10%), HOMO→L+12 (23%) 
269.8 0.0324 H-14→LUMO (21%), H-2→L+2 (14%), HOMO→L+5 (16%) 
269.4 0.0118 H-2→L+12 (12%), HOMO→L+12 (38%) 
269.1 0.0107 H-14→LUMO (30%), H-1→L+6 (34%) 
268.5 0.0727 H-4→L+1 (24%), H-4→L+2 (12%), H-4→L+3 (10%), H-1→L+6 (13%) 
268.4 0.0323 H-7→L+1 (90%) 
267.1 0.0079 H-1→L+11 (74%) 
266.0 0.0115 H-15→LUMO (81%) 
265.1 0.0009 H-16→LUMO (97%) 
264.0 0.0034 H-3→L+5 (43%), H-2→L+5 (19%) 
263.4 0.1149 H-5→L+2 (47%) 
262.9 0.0045 H-17→LUMO (97%) 
262.5 0.3572 H-19→LUMO (10%), H-4→L+6 (36%), H-3→L+6 (17%) 
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261.7 0.0144 H-19→LUMO (22%), H-5→L+2 (11%), H-1→L+4 (23%) 
260.7 0.1051 H-19→LUMO (27%), H-1→L+4 (48%) 
259.8 0.0352 H-8→L+2 (82%) 
257.9 0.5834 H-6→L+1 (10%), H-6→L+2 (13%), H-5→L+4 (13%), H-2→L+4 (21%) 
256.8 0.0743 H-6→L+1 (26%), H-6→L+2 (10%), H-5→L+2 (11%) 
255.8 0.0775 H-3→L+3 (14%), H-2→L+3 (23%) 
254.8 0.0047 H-7→L+9 (38%), H-7→L+10 (33%), H-7→L+12 (12%) 
254.5 0.0036 H-8→L+8 (90%) 
253.9 0.0082 H-9→L+1 (10%), H-6→L+2 (21%), H-2→L+3 (27%) 
253.7 0.0006 HOMO→L+6 (32%) 
253.6 0.0148 HOMO→L+6 (55%) 
253.1 0.0009 H-4→L+5 (55%), H-2→L+5 (10%) 
250.0 0.0276 HOMO→L+8 (80%) 
248.8 0.0001 H-1→L+7 (75%) 
248.8 0.001 H-3→L+12 (21%), H-2→L+12 (36%), HOMO→L+12 (10%) 
247.9 0.001 H-5→L+3 (53%), H-4→L+3 (13%) 
246.7 0.0674 H-5→L+9 (20%), H-5→L+10 (11%), H-2→L+9 (14%), 
H-2→L+10 (11%) 
246.6 0.0803 H-9→L+1 (12%), H-4→L+8 (10%) 
246.4 0.0214 H-9→L+1 (25%) 
246.3 0.0008 H-5→L+7 (50%), H-4→L+7 (11%), H-3→L+7 (12%) 
246.2 0.0122 H-6→L+5 (10%), H-5→L+5 (11%), H-2→L+5 (25%) 
245.9 0.0424 H-8→L+3 (67%) 
245.2 0.0016 H-5→L+4 (10%), H-3→L+4 (37%), H-2→L+4 (13%) 
245.1 0.0004 H-4→L+11 (56%), H-3→L+11 (28%) 
244.8 0.0633 H-5→L+3 (16%), H-4→L+6 (13%), H-3→L+6 (17%),  
H-2→L+6 (18%) 
244.4 0.0006 HOMO→L+11 (97%) 
243.9 0 H-3→L+7 (10%), H-2→L+7 (61%), HOMO→L+7 (13%) 
242.1 0.0089 H-21→LUMO (80%) 
241.4 0.0005 H-6→L+5 (11%), H-5→L+5 (16%), H-1→L+9 (14%) 
241.3 0.0024 H-6→L+5 (13%), H-5→L+5 (12%), H-1→L+9 (14%) 
240.0 0.0009 H-4→L+4 (35%), H-1→L+9 (35%) 
239.8 0.0017 H-4→L+4 (24%), H-1→L+9 (19%), H-1→L+10 (40%) 
239.3 0.0047 H-7→L+2 (18%), H-7→L+4 (69%) 
238.7 0.0002 H-4→L+4 (12%), H-1→L+9 (10%), H-1→L+10 (34%) 
237.6 0.0001 H-10→L+2 (54%), H-6→L+3 (17%) 
237.5 0.0003 H-8→L+1 (79%), H-8→L+2 (13%) 
237.1 0 H-1→L+12 (88%) 
236.9 0.0127 H-10→L+2 (14%), H-6→L+3 (53%) 
236.0 0.0002 H-5→L+7 (13%), H-3→L+7 (54%), H-2→L+7 (14%) 
235.7 0.0001 H-7→L+2 (74%), H-7→L+4 (21%) 
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235.1 0.0041 H-6→L+5 (40%), H-5→L+5 (40%) 
234.4 0.0341 H-22→LUMO (83%) 
234.3 0.0726 H-16→L+1 (72%) 
233.6 0.0006 H-4→L+11 (13%), H-3→L+11 (23%), H-2→L+11 (29%), 
H-1→L+11 (16%) 
232.9 0.0023 H-11→L+1 (11%), H-5→L+12 (37%) 
232.6 0.0008 H-3→L+6 (32%), H-2→L+6 (60%) 
229.4 0.0012 H-3→L+8 (20%), H-2→L+8 (63%) 
 
Cyclic voltamogramms of 1, 2, 7, and 12 
 
The electrochemical cyclic voltammetry was performed for determining the highest occupied molecular 
orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) energy levels of compounds 1, 2, 
7 and 12. From the values of the HOMO and the LUMO were calculated according to the following 
equations.
10




HOMO = -e (φox+4.71) (ev)  
LUMO = -e (φred+4.71) (ev) 
 
Table 6. Summary of electro-optic and calculated properties for compounds.  
compounds Optical 
 properties 









EHOMO (ev) ELUMO (ev) EHOMO (ev) ELUMO (ev) Eg  
(ev) 
12 520 2.38 - 0.90 -5.61 -3.23    
2 520 2.38 - 0.90 -5.61 -3.23 -5.11 -2.05 3.06 
7 600 2.07 - 0.77 -5.48 -3.41 - - - 
1 620 2.00 - 0.74 -5.45 -3.45 -5.11 -2.82 2.29 




The optical band gap was obtained from the equation Eg
opt 
= 1240/λ edge, where 
λedge is the onset value of absorption spectrum in long
 








Figure 5. Cyclic voltammograms of compounds 1, 2,7,12. 
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SAXS and TGA traces for 1 and 2 
 
Figure 6. SAXS of 1. 
 
 




Figure 8. TG/DTA of 1. 
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CHAPTER 3 DRASTIC TUNING OF THE PHOTONIC PROPERTIES OF 
«(PUSH-PULL)N» TRANS-BIS(ETHYNYL)BIS(TRIBUTYLPHOSPHINE) 
PLATINUM(II)-CONTAINING POLYMERS 
3.1. About the Project 
After incorporating metals into organic-based polymers, the whole polymer can have a significant 
change on their electronic and optical properties. Our group uses the platinum(II) σ-alkynyl complex, 
which is an interesting class of organometallic conjugated polymers to build «(push–pull)n» structures. 
Substituted quinone diimines (QN2) and anthraquinone diimines (AQN2), employed as tunable electron 
acceptors, were used to connect with trans-bis(ethynyl)bis(phosphine)platinum(II) in previous works, 
these polymers show emission from the upper excited π-π* triplet level of the [Pt] chromophore (i.e., T2
→S0) , but are opticaly silent from the lower energy S1 and T1 CT excited states. Moreover, their 
electrochemical CV behavior are not chemically and electrochemically reverisible. 
Anthraquinone exhibits two electron-withdrawing carbonyl groups. It is an electron-deficient organic 
molecule with high electron affinity, good thermal and reversible electrochemical stability, which can be 
used as a formal electron acceptor or acceptor of electronic density. After it forms polymer with [Pt], the 
material may show reversible electron transport property. Concurrently, this polymer is rigid and planar, 
which is different from those described in the above section (quinone and maleimide). Its photophyical 
properties are anticipated not to be the same.  
This work was published in Macromolecular Rapid Communications 2014, 35, 992-997 by Xiaorong 
Wang, Daniel Fortin, Gessie Brisard and Pierre D. Harvey. This research was conducted at the 
Université de Sherbrooke under the supervision of Prof. Pierre D. Harvey. I synthesized all the 
molecules and polymers, performed all the characterizations and calculations reported in the paper. 
Doctor Daniel Fortin made analysis of X-ray single crystal diffraction, and Professor Gessie Brisard 
supervised me for the electrochemistry part. I wrote the first draft of the manuscript. Prof. Pierre D. 
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trans-Bis(ethynyl)bis(tributylphosphine)platinum(II)-containing Polymers 
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3.2.1. Abstract 
The trans-Pt(PBu3)2Cl2 complex reacts with 1 equiv. of 2,6-diethynyl-AQ and 2 equiv. of 2-ethynyl-AQ 
(AQ = anthraquinone) to form the polymer (trans-Pt(2,6-diethynyl-AQ)2(PBu3)2)n, 1, and the model 
compounds, 2, trans-Pt(PBu3)2(2-ethynyl-AQ)2 (in a 20:1 ratio as trans- (2a) and cis- (2b) rotational 
isomers), respectively. These redox-active and luminescent materials have been characterized by gel 
permeation chromatography, thermal gravimetric analysis, X-ray crystallography, electrochemistry, 
photophysics and DFT computations (B3LYP). The typical * T2→S0 phosphorescence centered on 
the trans-Pt(PBu3)2(aryl)2 chromophore, [Pt], generally encountered for the analogous polymers 
(trans-Pt(PBu3)2(aryl)2-acceptor)n (acceptor = quinonediimine, QN2; anthraquinonediimine, AQN2;), for 
which the CT T1→S0 emission is silent, has been completely annihilated and replaced by a red-shifted 





The trans-bis(arylacetynyl)bis(phosphine)platinum(II) is a convenient building block for the 
construction of luminescent 1D conjugated polymers, which generally exhibit rich photonic properties, 
including applications in light emitting diodes and solar energy conversion.
[1]
 Recently, the strategy to 
increase the efficiency of bulk heterojunction solar cells based on conjugated polymer was set on 
«(push-pull)n» structures.
[2]
 In this respect, our group used appropriately substituted quinonediimines 
(QN2) and anthraquinone-diimines (AQN2) as tunable electron acceptors connected to 
trans-bis(ethynyl)bis-(phosphine)platinum(II) as electron rich unit, [Pt], for the «(push-pull)n» design, 
and the photophysical properties of these tailored polymers (P1a-e, P2a-c, P3; Scheme 1) were 
thoroughly investigated.
[3-5]
 In all cases, the absorption spectra are characterized by a broad low-energy 
charge transfer (CT) band arising from [Pt]→QN2 or [Pt]→AQN2, which is highly sensitive to 
substitution and the structure of the acceptor, and higher energy * features centered on the [Pt] 
chromophore. These polymers are also notoriously emissive in the blue region from the upper excited 
* triplet level of the [Pt] chromophore (i.e. T2→S0) in the solid state and in frozen solution at 77K, 
but are optically silent from the lower energy CT excited states. A combination of large energy gaps 
between the S1/T1 and the upper manifolds, and the short CT excited state lifetimes may explain this key 
spectral signature, which clearly define the photonics properties of these conjugated polymers. 
 
Scheme 1. List of the compound and polymers discussed in this work. 
In relation with the current work, the use of AQ units in organic conjugated polymers (mostly 
copolymers with thiophene), whether placed in the main chain or as a pendant group, has also proven 
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beneficial for the design of photovoltaic cells, electro-luminescent and reversible charge storage 
devices.
[6-8]
 Electronic communication across the organic conjugated polymers containing this 
redox-active and luminescent group, in both their ground (from electrochemical) and their excited states 
(from photophysical studies) have been demonstrated several times.
[9, 10]
 In order to render the 
«(push-pull)n» AQ-containing polymer skeleton more rigid and planar (since P1a-e, P2a-c, P3 are not), 
polymer 1 has been designed with a direct connectivity between [Pt] and 2,6-AQ (Scheme 1). Despite 
the fact that its structure is reminiscent to P3 and its fluorescent isomer P4a,
[6c]
 and its CT absorption 
shape is nearly identical to those of polymers P2a-c and P4a, its photophysical properties are 
unexpectedly drastically different from all these polymers where an intense red-shifted and long-lived 
T1→S0 CT emission is readily detected. This finding brings about important insights on the 
structure-property relationship for the design of photonic polymers. 
 
3.2.3. Results and Discussion 
3.2.3.1. Synthesis and characterization  
The target polymer 1 and its model compound 2a were prepared from compounds 3 and 6, respectively 
(Scheme 2, the Experimental Section is in the Supporting Information). Compounds 4 and 5 are 
respectively obtained from the coupling of 3 with Me3SiC≡CH under Suzuki conditions, followed by the 
deprotection of the ethynyl group using Bu4NF. Then the polymerization proceeds from the reaction of 
trans-Pt(PBu3)2Cl2 with 5 in the presence of a base. Evidence for polymerization is obtained from GPC, 
gel permeation chromatography. The average molecular weight in number (Mn), average molecular 
weight in weight (Mw), polydispersity index (PD), and degree of polymerization (DP) are 26300, 80300, 
3.06 and 31, respectively. The thermal gravimetric analysis (TGA) trace exhibits a first weight loss 
starting at 160°C (W = 16.6%) and a second one beginning at 250°C (W = 70.6%) with a residual 
slowly decreasing from 12 to 9% between 300 and 800°C. None of these Ws corresponds to a 
complete entity such as Bu, PBu3, AQ, and Pt, meaning that the decomposition process undergoes an 
intramolecular reactivity, including the formation of organometallic volatiles (note that W for Pt alone 




Scheme 2. Synthesis of 1 and 2a, TMS = SiMe3. i) CuI, Me3SiC≡CH, Pd(PPh3)2Cl2, THF/Et3N, 65°C, 
16 hrs. ii) Bu4NF, CHCl3, reflux, 5hrs. iii) trans-Pt(PBu3)2Cl2 (1:1 ratio), CuI, THF/Et3N, 65°C, 48 hrs. 
iv) THF/Et3N, CuI, trans-Pt(PBu3)2Cl2 (1:2 ratio), 65°C, 16 hrs. 
The 
31
P NMR spectra of 1 are characterized by a singlet at 4.64 ppm (in CDCl3) flanked by the expected 
satellites witnessing the 
1
JPt-P coupling (2326 Hz). The size of this coupling constant is typical for a 
trans-geometry about the platinum atom.
[11]
 The preparation of the model compound 2a proceeds 
similarly as for the synthesis of polymer 1, except that the metal/ligand ratio is 1:2. In this case, the 
31
P 
NMR spectra indicate the presence of a singlet ( = 4.64 ppm, 1JPt-P = 2313 Hz, in CDCl3) along with a 
secondary product ( = 1.46, 8.30 ppm; 1JPt-P = 2342, 2278 Hz, respectively) identified as the trans- (2a; 
as confirmed by X-ray crystallography, Figure 1) and cis- (2b) rotational isomers about the Caryl-Cethynyl 
single bond (Scheme 2) in a 20:1 relative proportion assuming that both isomers exhibit similar 
31
P 
spin-lattice relaxation times (i.e. the integration of the 
31
P NMR spectra would be meaningful). The 
optimized geometries of 2a and 2b exhibit an energy difference of only 0.005 eV (essentially identical). 
The reasons, steric or electronic, for the appearance of 2b are unknown, but importantly, the 
31
P NMR 
spectral signature of polymer 1 indicates the presence of the trans-rotational isomer only. Despite of the 
lower quality X-ray data for 2a, the expected planarity of the compound is confirmed where the angles 
made by the average planes AQ-AQ and AQ-[Pt] are 0.16 and 23.28°, respectively. Inter-AQ 





Figure 1. ORTEP representation of 2a. The thermal ellipsoids are represented at 30% probability. 
3.2.3.2. Absorption and emission spectroscopy 
The absorption spectra of 1 and 2a are compared to those for compound 4 and 
trans-bis(phenylacetynyl)bis(tributylphosphine)platinum(II), 7 (Figure 2A ). The spectra of the latter 
compounds exhibit multiple bands below 400 nm, mainly associated with * transitions. For polymer 1 
and model 2, a new band in the vicinity of 440 nm appears and the resemblance with those reported for 
P2a-c and P4a is striking where a CT band was confirmed at 420 <  max < 505 nm.
[4,6c]
 This 440 nm 
band is assigned to a [Pt]→AQ CT process.  
 
Figure 2. Absorption spectra of 1, 2a, 4 and 7 in THF at 298K (A). Absorption, emission and excitation 
spectra of 2a (B), 7 (C) and 1 (D) in 2MeTHF at 77K. 
The emission spectra of 1 and 2a at 77K are drastically different from those for P1a-e, P2a-c, and P3, 
which all exhibit a triplet excited state * signature arising from the [Pt] chromophore, as exemplified by 
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7 (Figure 2C). The absorption and emission bands for 1 appear more red-shifted that those for 2a and are a 
predictable consequence of the slightly longer extension of the  system in Pt-C≡C-AQ-C≡C-Pt in 
comparison with Pt-C≡C-AQ. As for P1a-e, P2a-c, and P3, 1 and 2a are not luminescent at 298K. 
 
3.2.3.3. Computations and electrochemistry 
The nature of the lowest energy excited states for 1 has addressed by density functional theory (DFT; 
B3LYP) and time-dependent DFT (TDDFT). After geometry optimization of a model compound 
(AQ-[Pt]-AQ-[Pt]-AQ), representations of the frontier MOs have been generated (Figure 3A). The 
HOMO, HOMO-1 and HOMO-4 are composed of the -system located on both AQ and [Pt] (using the 
Pt(dxz) orbital) units. The HOMO-2 and HOMO-3 are also a -system but localized onto the [Pt] unit 




Figure 3. A) Representations of the frontier MO’s the AQ-[Pt]-AQ-[Pt]-AQ model compound (the 
energies are in eV). B) Generated gas phase absorption spectrum of the AQ-[Pt]-AQ-[Pt]-AQ model. 
The bar graph represents the pure electronic transition (i.e. 0-0 peaks, with F being the oscillator 
strength). The spectrum has been generated by assigning a thickness of 1000 cm
-1
 to each bar. C) Cyclic 
voltamogramm of 1 (grey) and 2a (black) (both 4.0 × 10
−3
 M in THF with 0.1 M NBu4PF6). Scan rate = 
50 mV/s. The larger observed current for 2a is due to the larger AQ/[Pt] ratio (2 for 2a, and 1 for 1).  
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The empty MO’s are all localized on *-systems of the AQ residues. Any electronic transition from the 
frontier filled MOs to the empty ones are charge transfer processes. This computational conclusion is 
consistent with that obtained for the P1a-e, P2a-c, P3 and P4a,b.
[4,6c]
 The calculated absorption spectrum 
resembles the experimental ones for 1 and 2a (Figure 2B). The calculated low energy 0-0 peaks (510 and 
507 nm) correspond to the tail of the CT bands where the 0-0 feature would be expected. The calculated 
position of the triplet excited state is obtained from the energy difference between the optimized 
geometries of AQ-[Pt]-AQ-[Pt]-AQ in the S0 and T1 states (1.84 eV), which places the phosphorescence 
at 674 nm. The experimental value is ~610 nm for 1 (Figure 2D). 
 
The cyclic voltamogramms of 1 and 2a (Figure 3C) respectively exhibit two 1- and 2-electron reduction 
waves in the -2.0 to -0.5 V vs Fc/Fc
+
 window. The larger observed current for 2a is due to the larger 
AQ/[Pt] ratio (2 for 2a, and 1 for 1) These processes are chemically but not electro-chemically reversible 
as the difference between the anodic and cathodic peak potentials exceeds 60 mV/n (n = the number of 
exchanged electrons). The peak potentials for 2a are more negative than those for 1, which is again 
consistent with the more extended -system for the Pt-C≡C-AQ-C≡C-Pt structure in 1 vs Pt-C≡C-AQ in 
2a. Shoulders are depicted on the first reduction wave of 1, which is likely due to the contribution of 





3.2.3.4. Excited state dynamics 
The key absorption and emission data for 1 and 2a are listed in Table 1. The large Stoke shifts ( 
expressed in a linear scale of energy) are large, and the emission lifetimes, e, for both 1 and 2a are in the 
s time scale, meaning that these luminescence processes are phosphorescence, i.e. T1→S0. This finding 
contrasts drastically with two series of recent reports.
[3-5,6c]
 Indeed, for a series of polymers exhibiting the 
[Pt]-(thiophene)m-2,7-AQ-(thiophene)m-[Pt] unit (P4a,b; Scheme 1), no phosphorescence was observed. 
Rather they exhibit only short-lived ns fluorescence emissions (i.e. S1→S0, based on the small ) in 
solution at both 293 and 77K, despite the presence Pt.
[6c]
 The position of substitution 2,7- (in P4a) vs 2,6- 
in 1 seems to have a profound effect on excited state dynamics. In addition, the evidence for a more 
traditional T1→S0 emission for 1 is unexpected when considering the extended series of structurally 
related polymers, P1a-e, P2a-c, and P3, all exhibiting a T2→S0 process arising from the [Pt] 
chromophore. The rational for this phenomenon is found in the planarity and rigidity of 1 and 2a as 
evidenced by the X-ray data and optimized geometries (DFT computations), which exerts a better 
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electronic communication across the chain. This effect is clearly demonstrated when comparing the 











). This weaker communication is also consistent why 
higher energy emissions from the [Pt] unit are readily detected for the P2a-c polymers (i.e. [Pt] acting as 
an almost independent chromophore), and not in 1. 
 
Table 1. Absorption and emission data for 1 and 2a. 












2a       439 (23700)           435  585 (5900)   340 ± 5 
1       434 (29300)           455  605 (5500)   273 ± 2 
 
3.2.4. Conclusions 
In this family of Q-, QN2-, AQ-, and AQN2-containing «(push-pull)n» polymers (Scheme 1), all share a 
common feature, they exhibit low energy [Pt]→Q, QN2, AQ, and AQN2 CT excited states, respectively. 
Polymer 1 exhibits similar structural features as P3 and P4a, namely because conjugation is confined 
within one unit of the polymer, and spectroscopic absorption traits as those observed for P2a-c and P4a. 
However, 1 drastically differs from them in terms of excited state dynamics as only the radiative CT 
T1→S0 process is observed, contrasting with the sole CT S1→S0 one for P4a and the sole  
[Pt]-localized T2→S0 one for P1a-e, P2a-c, and P3. This work also stresses the effect of electronic 
communication across the conjugated chain where a weak communication whether conjugation is 
confined within one unit or is spread over the whole chain leads to the appearance of emissions arising 
from upper energy excited states, which violate Kasha’s rule, whereas a good conjugation leads to the 
expected efficient population of the S1 and T1 states and consequently the possible observation of the 
radiative S1→S0 and T1→S0 processes. This work brings thus a convenient information on the 
structure-property relationship of such polymers, but the reasons why 1 is phosphorescent and P4a,b are 
fluorescent only, are not known.  
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 were prepared according to literature procedures. All reactions 
were performed in Schlenk-tube flasks under purified nitrogen. All flasks were dried under a flame to 
eliminate moisture. All solvents were distilled from appropriate drying agents. All other reagents were 
used as received. 
Synthesis: 
Compound 2a,b. To a stirred mixture of ligand 6 (70 mg, 0.3 mmol) and trans-Pt(PBu3)2Cl2 (100.5 mg, 
0.15 mmol) in NEt3 (50 mL) and THF (50 mL), CuI (2 mg) was added as the catalyst. The solution was 
stirred at 65 °C for 16 h under nitrogen, after which all volatile components were removed under 
vacuum. The crude product was purified by column chromatography using CH2Cl2/hexane (2:1, v/v) as 
the eluent to give compounds 2a,b as rotational isomers trans-(2a) and cis-(2b) isomers about the 
Caryl-Cethynyl bond (120 mg, 75%) as a yellow solid. The mixture exhibits 
31
P NMR (162 MHz, CDCl3): δ 
4.64 (2a,
1
JP-Pt = 2313 Hz),  δ 1.46 (2b,
1
JP-Pt = 2278 Hz), δ 8.30 (2b,
1
JP-Pt = 2342 Hz). The 2a isomer 





NMR (400 MHz, CDCl3): δ 8.31-8.29 (m, 4H, Ar), 8.17 (d, J=8.4 Hz, 2H, Ar), 8.13 (s, 2H, Ar), 
7.79-7.77 (m, 4H, Ar), 7.60 (d, J=8.0 Hz, 2H, Ar), 2.15 (br, 12H, 6PCH2C3H7), 1.63 (br, 12H, 
6PCH2CH2C2H5), 1.50-1.45 (m, 12H, 6PCH2CH2CH2CH3), 0.94 (t, J= 6.6 Hz, 18H, 
6PCH2CH2CH2CH3). 
31
P NMR (162 MHz, CDCl3): δ 4.64 (trans-2a, 
1
JP-Pt = 2313 Hz). 
13
C NMR (101 
MHz, CDCl3): δ 183.66 (C=O), 182.96 (C=O), 136.10, 135.50, 134.36, 134.25, 134.08, 133.97, 133.83, 
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133.60, 129.99, 129.19, 127.47, 127.33, 119.00, 110.28, 26.62, 24.63, 24.27, 14.06. ESI-Tof: m/z 
calculated: 1084.4138 (MNa
+
), m/z observed: 1084.4109 (MNa
+
). Anal. Calc. for C56H68O4P2Pt: C, 
63.32; H, 6.45; Found: C, 63.13; H, 6.08%. 
Compound 4. To a solution of 3 (1.83 g, 5 mmol), PdCl2(Ph3P)2 (175 mg, 0.25 mmol) and CuI (48 mg, 
0.25 mmol) in Et3N (75 mL) and THF (75 mL), TMSA (2.2 mL, 15 mmol) was added under N2. After 
stirring overnight at 65 °C, all volatile components were removed under reduced pressure. The residue 
was purified by column chromatography using CH2Cl2/hexane (1:1, v/v) as the eluent to give 4 (600 mg, 




H NMR (400 MHz, CDCl3): 
δ 8.36 (s, 2H, Ar), 8.25 (d, J=8 Hz, 2H, Ar), 7.84 (d, J=8 Hz, 2H, Ar), 0.29 (s, 18H, 2Si (CH3)3) ppm. 
13
C 
NMR (101 MHz, CDCl3): δ 182.14 (C=O), 137.16, 133.56, 132.59, 130.95, 129.79, 127.59, 103.34, 
100.63, 0.00 ppm. ESI-Tof: m/z calculated: 423.1207 (MNa
+
), m/z observed: 423.1210 (MNa
+
). 
Compound 5. TBAF (1.5 mL, 1 M in THF) was added to a stirred solution of 4 (200 mg, 0.5 mmol) in 
CHCl3 (100 mL). After refluxing for 3h, water (30 mL) was added to quench the reaction. The product 
was gotten after filtration, washed with water and ethanol as a pale brown solid. Yield: 100 mg (78%). 




H NMR (400 MHz, DMSO): δ 8.19 (d, J=8 
Hz, 2H, Ar), 8.16 (s, 2H, Ar), 7.99 (d, J=8 Hz, 2H, Ar), 4.68 (s, 2H, 2C≡CH) ppm. 13C NMR (101 MHz, 
DMSO): δ 181.86 (C=O), 137.78, 133.96, 133.23, 130.21, 128.33, 128.01, 86.39, 82.65 ppm. ESI-Tof: 
m/z calculated: 279.0417 (MNa
+
), m/z observed: 279.0418 (MNa
+
). 
Polymer 1. A 51.2 mg quantity (0.2 mmol) of 5, 134 mg (0.2 mmol) of trans-Pt(PBu3)2Cl2, and 1.91 mg 
of CuI were dissolved in THF (50 mL) and  Et3N (50 mL), and the reaction was stirred at 65 °C for 48h 
under N2. The solvent was then evaporated, and the residue was purified by column chromatography 
using CH2Cl2/hexane (1:1, v/v) as the eluent to give 1 (153 mg, 89%) as a yellow solid. IR (KBr): 2082 




H NMR (400 MHz, CDCl3): δ 8.15-8.12 (m, 4H, Ar), 7.58 (d, J=12 Hz, 
2H, Ar), 2.15-2.14 (m, 12H, 6PCH2C3H7),1.63-1.62 (m, 12H, 6PCH2CH2C2H5), 1.53-1.44 (m, 12H, 
6PCH2CH2CH2CH3), 0.94 (t, J= 12 Hz, 18H, PCH2CH2CH2CH3).
31
P NMR (162 MHz, CDCl3): δ 4.64 





C NMR and 
31
P NMR spectra were collected on a Bruker DRX400 
spectrometer using the solvent as chemical shift standard. The chemical shifts are expressed in ppm. 
High resolution mass measurements (HR-MS) were carried out in the same conditions as previously 
using PEG ion series as internal standard or on a Bruker Micro-QTOF instrument in ESI mode. The 
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spectra were measured from freshly prepared samples. The IR spectra were acquired on a Bomem FT-IR 
MB series spectrometer equipped with a baseline-diffused reflectance. The UV-vis spectra were 
recorded on a Hewlett-Packard diode array model 8452A. The emission and excitation spectra were 
obtained using a double monochromator Fluorolog 2 instrument from Spex. The phosphorescence 
lifetimes were measured on a Timemaster Model TM-3/2003 apparatus from PTI. The source was a 
nitrogen laser with a high-resolution dye laser (fwhm ~ 1.5 ns), and the phosphorescence lifetimes were 
obtained from high-quality decays and deconvolution or distribution lifetime analysis. The uncertainties 
were about ±40 ps based on multiple measurements. The molecular weights of the polymers were 
determined by GPC (HP 1050 series HPLC with visible wavelength and fluorescent detectors) using 
polystyrene standards and THF as an eluent, and the thermogravimetric analysis (TGA) measurements 
were performed on thermal gravimetric analyzer (model Perkin-Elmer TGA-6) under a nitrogen flow at 
a heating rate of 10 °C/min. 
Electrochemistry: Electrochemical measurements were carried out using a standard three-electrode 
configuration (Pt working electrode, a platinum counter electrode and a Ag wire as quasi-reference 
electrode) and a PARC 273A potentiostat interfaced to a personal computer at room temperature under a 
flow of nitrogen gas. The solvent in all measurements was deoxygenated THF, and the supporting 
electrolyte was 0.1 M Bu4NPF6. The reference electrode was calibrated at the end of each experiment 
against the ferrocene/ferricenium couple (Fc/Fc
+
), whose formal potential is 0.56 V,
4
 relative to the KCl 
saturated calomel electrode (SCE). 
DFT Computations: Calculations were performed with Gaussian 09
5
 at the Université de Sherbrooke 
with Mammouth super computer supported by le Réseau Québécois de Calculs de Haute 
Performances.The hybrid B3LYP exchange-correlation function has been considered because of the high 
accuracy of the ensued results.
6
 LANL2DZ pseudopotentials were used on platinum and phosphorus 
atoms, with LANL2DZ basis set for platinum and 3-21G* for all other atoms.
7
  The model compound 
for polymer 1 were optimized before the time-dependent density-functional theory (TDDFT) 
calculations. Only the relevant (stronger oscillator strength and wave function coefficients) molecular 
orbitals are shown. All computations were performed without symmetry constraints. 
X-ray structure determination. Experimental: A clear intense yellow needle-like specimen 
of C56H68O4P2Pt, approximate dimensions 0.050 mm x 0.100 mm x 0.210 mm, was used for the X-ray 
crystallographic analysis. The X-ray intensity data were measured on a Bruker Apex DUO system 
equipped with a Cu Kα ImuS micro─focus source with MX optics (λ = 1.54178 Å). A total of 2082 frames 
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were collected. The total exposure time was 5.78 hours. The frames were integrated with the Bruker 
SAINT software package using a wide-frame algorithm. The integration of the data using a triclinic unit 
cell yielded a total of 20425 reflections to a maximum θ angle of 71.11° (0.81 Å resolution) of 
which 8693 were independent (average redundancy2.350, completeness = 94.4%, Rint = 4.25%, Rsig = 
4.89%) and 7343 (84.47%) were greater than 2σ(F2). The final cell constants of a = 
10.0367(14) Å, b = 10.2873(13) Å, c = 13.6161(18)Å, α = 82.540(5)°, β = 71.313(7)°, γ = 80.429(5)°, 
volume = 1308.8(3) Å3, are based upon the refinement of the XYZ-centroids of 9653 reflections above 20 
σ(I) with 6.876° < 2θ < 141.6°.Data were corrected for absorption effects using the multi-scan method 
(SADABS). The ratio of minimum to maximum apparent transmission was 0.708. The calculated 
minimum and maximum transmission coefficients (based on crystal size) are 0.3696 and 0.7563. The 
structure was solved and refined using the Bruker SHELXTL Software Package, using the space group P 
1, with Z = 1 for the formula unit, C56H68O4P2Pt. The final anisotropic full-matrix least-squares 
refinement on F2 with 263 variables converged at R1 = 5.97%, for the observed data and wR2 = 16.88% 
for all data. The goodness-of-fit was 1.120. The largest peak in the final difference electron density 
synthesis was 1.042 e-/Å3 and the largest hole was -1.062 e-/Å3 with an RMS deviation of 0.113 e-/Å3. 
On the basis of the final model, the calculated density was1.348 g/cm3 and F(000), 544 e-.  
 
-------------------------------------------------------------------------------------- 
Summary of Data CCDC 980026 
-------------------------------------------------------------------------------------- 
Formula: C56 H68 O4 P2 Pt1 




Table 1. X-ray data for 2a. 
Chemical formula C56H68O4P2Pt 
Formula weight 1062.13 
Temperature 173(2) K 
Wavelength 1.54178 Å 
Crystal size 0.050 x 0.100 x 0.210 mm 
Crystal habit clear intense yellow Needle 
Crystal system Triclinic 
Space group P 1 
Unit cell dimensions a = 10.0367(14) Å α = 82.540(5)° 
 
b = 10.2873(13) Å β = 71.313(7)° 
 






Density (calculated) 1.348 g/cm
3
 





Table 2. Data collection and structure refinement for 2a. 
Diffractometer Bruker Apex DUO 
Radiation source 
ImuS micro─focus source with MX 
optics, Cu Kα 
Theta range for data 
collection 
3.44 to 71.11° 




Reflections collected 20425 
Independent reflections 8693 [R(int) = 0.0425] 
Coverage of independent 
reflections 
94.4% 
Absorption correction multi-scan 
Max. and min. 
transmission 




Structure solution program SHELXS-97 (Sheldrick, 2008) 
Refinement method Full-matrix least-squares on F
2
 
Refinement program SHELXL-97 (Sheldrick, 2008) 







Data / restraints / 
parameters 





Final R indices 7343 data; I>2σ(I) R1 = 0.0597, wR2 = 0.1445 
 















Largest diff. peak and hole 1.042 and -1.062 eÅ
-3
 








Table 3. Atomic coordinates and equivalent isotropic atomic displacement parameters (Å
2
) for 2a. 
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 
x/a y/b z/c U(eq) 
C1 0.809(2) 0.3644(15) 0.8456(13) 0.0839(13) 
C2 0.749(3) 0.449(2) 0.784(2) 0.0839(13) 
C3 0.675(4) 0.542(3) 0.725(2) 0.0839(13) 
C4 0.546(2) 0.6340(13) 0.7645(15) 0.0839(13) 
C5 0.468(2) 0.6897(14) 0.7060(13) 0.0839(13) 
C6 0.539(3) 0.713(2) 0.598(2) 0.0839(13) 
C7 0.672(4) 0.643(3) 0.550(2) 0.0839(13) 
C8 0.732(3) 0.555(2) 0.619(2) 0.0839(13) 
C9 0.5241(11) 0.8231(10) 0.4245(5) 0.0839(13) 
C10 0.4505(9) 0.9106(10) 0.3671(7) 0.0839(13) 
C11 0.5115(10) 0.9354(9) 0.2606(6) 0.0839(13) 
C12 0.6462(11) 0.8729(10) 0.2114(5) 0.0839(13) 
C13 0.7198(9) 0.7855(10) 0.2688(7) 0.0839(13) 
C14 0.6588(11) 0.7606(10) 0.3754(7) 0.0839(13) 
C15 0.457(2) 0.8041(17) 0.5428(11) 0.0839(13) 
C16 0.739(2) 0.6650(17) 0.4305(14) 0.0839(13) 
C17 0.986(2) 0.0841(16) 0.0152(13) 0.0861(14) 
C18 0.037(3) 0.007(2) 0.0562(19) 0.0861(14) 
C19 0.099(4) 0.925(3) 0.128(2) 0.0861(14) 
C20 0.033(3) 0.909(3) 0.235(2) 0.0861(14) 
C21 0.103(4) 0.827(3) 0.292(2) 0.0861(14) 




x/a y/b z/c U(eq) 
C23 0.288(2) 0.7508(14) 0.1482(13) 0.0861(14) 
C24 0.235(2) 0.8694(14) 0.0823(15) 0.0861(14) 
C25 0.0910(11) 0.7302(11) 0.4754(6) 0.0861(14) 
C26 0.0192(10) 0.7248(10) 0.5814(6) 0.0861(14) 
C27 0.0756(11) 0.6389(10) 0.6501(5) 0.0861(14) 
C28 0.2036(11) 0.5584(10) 0.6127(6) 0.0861(14) 
C29 0.2754(9) 0.5639(10) 0.5067(7) 0.0861(14) 
C30 0.2190(11) 0.6498(11) 0.4380(5) 0.0861(14) 
C31 0.031(3) 0.8244(19) 0.4004(14) 0.0861(14) 
C32 0.2920(19) 0.6566(17) 0.3299(9) 0.0861(14) 
C33 0.822(4) 0.516(3) 0.061(3) 0.129(3) 
C34 0.973(2) 0.486(2) 0.0774(16) 0.129(3) 
C35 0.059(2) 0.600(2) 0.0363(15) 0.129(3) 
C36 0.124(3) 0.609(2) 0.9222(16) 0.129(3) 
C37 0.785(4) 0.262(4) 0.192(3) 0.156(5) 
C38 0.679(4) 0.309(3) 0.2931(19) 0.156(5) 
C39 0.705(3) 0.212(3) 0.3811(15) 0.156(5) 
C40 0.625(3) 0.260(2) 0.4805(14) 0.156(5) 
C41 0.584(4) 0.384(4) 0.074(3) 0.138(5) 
C42 0.504(4) 0.283(4) 0.083(3) 0.138(5) 
C43 0.334(3) 0.315(3) 0.1204(17) 0.138(5) 
C44 0.305(3) 0.205(2) 0.0619(17) 0.138(5) 
C45 0.205(3) 0.069(3) 0.762(3) 0.120(3) 
C46 0.278(3) 0.203(3) 0.749(2) 0.120(3) 




x/a y/b z/c U(eq) 
C48 0.5109(19) 0.275(2) 0.7118(17) 0.120(3) 
C49 0.948(6) 0.974(5) 0.788(4) 0.199(7) 
C50 0.789(4) 0.964(3) 0.835(3) 0.199(7) 
C51 0.758(4) 0.826(3) 0.883(3) 0.199(7) 
C52 0.601(3) 0.830(3) 0.916(3) 0.199(7) 
C53 0.018(3) 0.207(3) 0.656(2) 0.121(3) 
C54 0.082(4) 0.124(2) 0.5644(17) 0.121(3) 
C55 0.140(2) 0.3117(17) 0.4252(14) 0.121(3) 
C56 0.076(2) 0.1855(18) 0.4601(13) 0.121(3) 
O1 0.357(3) 0.885(3) 0.5687(19) 0.160(12) 
O2 0.865(3) 0.5718(19) 0.4027(16) 0.104(6) 
O3 0.928(3) 0.863(2) 0.4496(17) 0.109(6) 
O4 0.423(3) 0.607(2) 0.2812(18) 0.124(7) 
P1 0.7641(8) 0.3487(7) 0.0638(6) 0.089(3) 
P2 0.0138(8) 0.1231(6) 0.7764(5) 0.082(2) 
Pt1 0.8874(2) 0.23593(19) 0.92358(16) 0.07761(16) 
 
Table 4. Bond lengths (Å) for 2a. 
C1-C2 1.33(3) C1-Pt1 1.823(13) 
C2-C3 1.43(4) C3-C8 1.38(4) 
C3-C4 1.46(4) C4-C5 1.30(3) 
C4-H4 0.95 C5-C6 1.42(3) 
C5-H5 0.95 C6-C7 1.41(4) 
C6-C15 1.45(3) C7-C8 1.42(4) 
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C7-C16 1.55(4) C8-H8 0.95 
C9-C10 1.39 C9-C14 1.39 
C9-C15 1.534(15) C10-C11 1.39 
C10-H10 0.95 C11-C12 1.39 
C11-H11 0.95 C12-C13 1.39 
C12-H12 0.95 C13-C14 1.39 
C13-H13 0.95 C14-C16 1.452(16) 
C15-O1 1.18(3) C16-O2 1.43(2) 
C17-C18 1.07(3) C17-Pt1 2.179(13) 
C18-C19 1.43(4) C19-C24 1.37(4) 
C19-C20 1.39(4) C20-C21 1.33(4) 
C20-H20 0.95 C21-C22 1.40(4) 
C21-C31 1.42(4) C22-C23 1.37(3) 
C22-C32 1.50(3) C23-C24 1.54(2) 
C23-H23 0.95 C24-H24 0.95 
C25-C26 1.39 C25-C30 1.39 
C25-C31 1.513(15) C26-C27 1.39 
C26-H26 0.95 C27-C28 1.39 
C27-H27 0.95 C28-C29 1.39 
C28-H28 0.95 C29-C30 1.39 
C29-H29 0.95 C30-C32 1.417(12) 
C31-O3 1.08(3) C32-O4 1.32(3) 
C33-C34 1.57(5) C33-P1 1.90(3) 
C33-H33A 0.99 C33-H33B 0.99 
C34-C35 1.51(3) C34-H34A 0.99 
C34-H34B 0.99 C35-C36 1.48(3) 
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C35-H35A 0.99 C35-H35B 0.99 
C36-H36A 0.98 C36-H36B 0.98 
C36-H36C 0.98 C37-C38 1.53(4) 
C37-P1 1.91(4) C37-H37A 0.99 
C37-H37B 0.99 C38-C39 1.52(3) 
C38-H38A 0.99 C38-H38B 0.99 
C39-C40 1.44(3) C39-H39A 0.99 
C39-H39B 0.99 C40-H40A 0.98 
C40-H40B 0.98 C40-H40C 0.98 
C41-C42 1.38(5) C41-P1 1.75(4) 
C41-H41A 0.99 C41-H41B 0.99 
C42-C43 1.61(5) C42-H42A 0.99 
C42-H42B 0.99 C43-C44 1.58(3) 
C43-H43A 0.99 C43-H43B 0.99 
C44-H44A 0.98 C44-H44B 0.98 
C44-H44C 0.98 C45-C46 1.63(4) 
C45-P2 1.86(3) C45-H45A 0.99 
C45-H45B 0.99 C46-C47 1.55(4) 
C46-H46A 0.99 C46-H46B 0.99 
C47-C48 1.68(3) C47-H47A 0.99 
C47-H47B 0.99 C48-H48A 0.98 
C48-H48B 0.98 C48-H48C 0.98 
C49-C50 1.53(6) C49-P2 1.74(4) 
C49-H49A 0.99 C49-H49B 0.99 
C50-C51 1.524(18) C50-H50A 0.99 
C50-H50B 0.99 C51-C52 1.49(4) 
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C51-H51A 0.99 C51-H51B 0.99 
C52-H52A 0.98 C52-H52B 0.98 
C52-H52C 0.98 C53-C54 1.51(4) 
C53-P2 1.74(3) C53-H53A 0.99 
C53-H53B 0.99 C54-C56 1.49(3) 
C54-H54A 0.99 C54-H54B 0.99 
C55-C56 1.501(16) C55-H55A 0.98 
C55-H55B 0.98 C55-H55C 0.98 
C56-H56A 0.99 C56-H56B 0.99 
P1-Pt1 2.259(8) P2-Pt1 2.337(6) 
 
Table 5. Bond angles (°) for 2a. 
C2-C1-Pt1 174.6(17) C1-C2-C3 175.(3) 
C8-C3-C2 119.(3) C8-C3-C4 113.(3) 
C2-C3-C4 128.(3) C5-C4-C3 122.(2) 
C5-C4-H4 118.9 C3-C4-H4 118.9 
C4-C5-C6 117.(2) C4-C5-H5 121.4 
C6-C5-H5 121.4 C7-C6-C5 122.(2) 
C7-C6-C15 124.(2) C5-C6-C15 114.(2) 
C6-C7-C8 114.(3) C6-C7-C16 119.(2) 
C8-C7-C16 126.(3) C3-C8-C7 125.(3) 
C3-C8-H8 117.3 C7-C8-H8 117.3 
C10-C9-C14 120.0 C10-C9-C15 118.5(9) 
C14-C9-C15 121.4(9) C9-C10-C11 120.0 
C9-C10-H10 120.0 C11-C10-H10 120.0 
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C12-C11-C10 120.0 C12-C11-H11 120.0 
C10-C11-H11 120.0 C13-C12-C11 120.0 
C13-C12-H12 120.0 C11-C12-H12 120.0 
C12-C13-C14 120.0 C12-C13-H13 120.0 
C14-C13-H13 120.0 C13-C14-C9 120.0 
C13-C14-C16 117.5(10) C9-C14-C16 122.5(10) 
O1-C15-C6 134.(2) O1-C15-C9 109.2(18) 
C6-C15-C9 116.0(16) O2-C16-C14 136.3(17) 
O2-C16-C7 106.6(17) C14-C16-C7 116.8(19) 
C18-C17-Pt1 176.9(18) C17-C18-C19 167.(3) 
C24-C19-C20 122.(3) C24-C19-C18 113.(2) 
C20-C19-C18 125.(3) C21-C20-C19 118.(3) 
C21-C20-H20 121.0 C19-C20-H20 121.0 
C20-C21-C22 126.(3) C20-C21-C31 114.(3) 
C22-C21-C31 120.(2) C23-C22-C21 115.(2) 
C23-C22-C32 125.(2) C21-C22-C32 119.(2) 
C22-C23-C24 118.5(16) C22-C23-H23 120.7 
C24-C23-H23 120.7 C19-C24-C23 114.1(19) 
C19-C24-H24 122.9 C23-C24-H24 122.9 
C26-C25-C30 120.0 C26-C25-C31 120.3(10) 
C30-C25-C31 119.7(10) C25-C26-C27 120.0 
C25-C26-H26 120.0 C27-C26-H26 120.0 
C28-C27-C26 120.0 C28-C27-H27 120.0 
C26-C27-H27 120.0 C27-C28-C29 120.0 
C27-C28-H28 120.0 C29-C28-H28 120.0 
C30-C29-C28 120.0 C30-C29-H29 120.0 
 88 
 
C28-C29-H29 120.0 C29-C30-C25 120.0 
C29-C30-C32 120.3(9) C25-C30-C32 119.7(9) 
O3-C31-C21 137.(2) O3-C31-C25 102.5(17) 
C21-C31-C25 120.(2) O4-C32-C30 128.9(16) 
O4-C32-C22 109.1(16) C30-C32-C22 121.2(16) 
C34-C33-P1 106.(2) C34-C33-H33A 110.5 
P1-C33-H33A 110.5 C34-C33-H33B 110.5 
P1-C33-H33B 110.5 H33A-C33-H33B 108.7 
C35-C34-C33 113.(2) C35-C34-H34A 109.0 
C33-C34-H34A 109.0 C35-C34-H34B 109.0 
C33-C34-H34B 109.0 H34A-C34-H34B 107.8 
C36-C35-C34 113.3(17) C36-C35-H35A 108.9 
C34-C35-H35A 108.9 C36-C35-H35B 108.9 
C34-C35-H35B 108.9 H35A-C35-H35B 107.7 
C35-C36-H36A 109.5 C35-C36-H36B 109.5 
H36A-C36-H36B 109.5 C35-C36-H36C 109.5 
H36A-C36-H36C 109.5 H36B-C36-H36C 109.5 
C38-C37-P1 118.(2) C38-C37-H37A 107.7 
P1-C37-H37A 107.7 C38-C37-H37B 107.7 
P1-C37-H37B 107.7 H37A-C37-H37B 107.1 
C39-C38-C37 107.(2) C39-C38-H38A 110.2 
C37-C38-H38A 110.2 C39-C38-H38B 110.2 
C37-C38-H38B 110.2 H38A-C38-H38B 108.5 
C40-C39-C38 111.(2) C40-C39-H39A 109.5 
C38-C39-H39A 109.5 C40-C39-H39B 109.5 
C38-C39-H39B 109.5 H39A-C39-H39B 108.1 
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C39-C40-H40A 109.5 C39-C40-H40B 109.5 
H40A-C40-H40B 109.5 C39-C40-H40C 109.5 
H40A-C40-H40C 109.5 H40B-C40-H40C 109.5 
C42-C41-P1 121.(3) C42-C41-H41A 107.1 
P1-C41-H41A 107.1 C42-C41-H41B 107.1 
P1-C41-H41B 107.1 H41A-C41-H41B 106.8 
C41-C42-C43 119.(3) C41-C42-H42A 107.6 
C43-C42-H42A 107.6 C41-C42-H42B 107.6 
C43-C42-H42B 107.6 H42A-C42-H42B 107.0 
C44-C43-C42 97.(2) C44-C43-H43A 112.4 
C42-C43-H43A 112.4 C44-C43-H43B 112.4 
C42-C43-H43B 112.4 H43A-C43-H43B 110.0 
C43-C44-H44A 109.5 C43-C44-H44B 109.5 
H44A-C44-H44B 109.5 C43-C44-H44C 109.5 
H44A-C44-H44C 109.5 H44B-C44-H44C 109.5 
C46-C45-P2 107.(2) C46-C45-H45A 110.4 
P2-C45-H45A 110.4 C46-C45-H45B 110.4 
P2-C45-H45B 110.4 H45A-C45-H45B 108.6 
C47-C46-C45 104.(2) C47-C46-H46A 110.9 
C45-C46-H46A 110.9 C47-C46-H46B 110.9 
C45-C46-H46B 110.9 H46A-C46-H46B 108.9 
C46-C47-C48 98.5(18) C46-C47-H47A 112.1 
C48-C47-H47A 112.1 C46-C47-H47B 112.1 
C48-C47-H47B 112.1 H47A-C47-H47B 109.7 
C47-C48-H48A 109.5 C47-C48-H48B 109.5 
H48A-C48-H48B 109.5 C47-C48-H48C 109.5 
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H48A-C48-H48C 109.5 H48B-C48-H48C 109.5 
C50-C49-P2 121.(4) C50-C49-H49A 107.0 
P2-C49-H49A 107.0 C50-C49-H49B 107.0 
P2-C49-H49B 107.0 H49A-C49-H49B 106.7 
C51-C50-C49 113.(3) C51-C50-H50A 108.9 
C49-C50-H50A 108.9 C51-C50-H50B 108.9 
C49-C50-H50B 108.9 H50A-C50-H50B 107.8 
C52-C51-C50 106.(3) C52-C51-H51A 110.4 
C50-C51-H51A 110.4 C52-C51-H51B 110.4 
C50-C51-H51B 110.4 H51A-C51-H51B 108.6 
C51-C52-H52A 109.5 C51-C52-H52B 109.5 
H52A-C52-H52B 109.5 C51-C52-H52C 109.5 
H52A-C52-H52C 109.5 H52B-C52-H52C 109.5 
C54-C53-P2 115.(2) C54-C53-H53A 108.5 
P2-C53-H53A 108.5 C54-C53-H53B 108.5 
P2-C53-H53B 108.5 H53A-C53-H53B 107.5 
C56-C54-C53 118.(2) C56-C54-H54A 107.8 
C53-C54-H54A 107.8 C56-C54-H54B 107.8 
C53-C54-H54B 107.8 H54A-C54-H54B 107.2 
C56-C55-H55A 109.5 C56-C55-H55B 109.5 
H55A-C55-H55B 109.5 C56-C55-H55C 109.5 
H55A-C55-H55C 109.5 H55B-C55-H55C 109.5 
C54-C56-C55 115.0(17) C54-C56-H56A 108.5 
C55-C56-H56A 108.5 C54-C56-H56B 108.5 
C55-C56-H56B 108.5 H56A-C56-H56B 107.5 
C41-P1-C33 104.8(18) C41-P1-C37 109.4(17) 
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C33-P1-C37 102.4(19) C41-P1-Pt1 111.5(13) 
C33-P1-Pt1 114.2(11) C37-P1-Pt1 113.9(12) 
C53-P2-C49 110.(2) C53-P2-C45 102.8(17) 
C49-P2-C45 103.(2) C53-P2-Pt1 116.8(10) 
C49-P2-Pt1 108.5(19) C45-P2-Pt1 115.2(11) 
C1-Pt1-C17 178.7(11) C1-Pt1-P1 87.7(6) 
C17-Pt1-P1 92.7(5) C1-Pt1-P2 91.2(6) 




Table 6. Torsion angles (°) for 2a. 
Pt1-C1-C2-C3 110.(30) C1-C2-C3-C8 -170.(30) 
C1-C2-C3-C4 20.(40) C8-C3-C4-C5 21.(4) 
C2-C3-C4-C5 -163.(3) C3-C4-C5-C6 -30.(3) 
C4-C5-C6-C7 21.(4) C4-C5-C6-C15 -164.7(18) 
C5-C6-C7-C8 -4.(4) C15-C6-C7-C8 -178.(2) 
C5-C6-C7-C16 175.(2) C15-C6-C7-C16 1.(5) 
C2-C3-C8-C7 -179.(3) C4-C3-C8-C7 -3.(5) 
C6-C7-C8-C3 -5.(5) C16-C7-C8-C3 176.(3) 
C14-C9-C10-C11 0 C15-C9-C10-C11 176.6(13) 
C9-C10-C11-C12 0 C10-C11-C12-C13 0 
C11-C12-C13-C14 0 C12-C13-C14-C9 0 
C12-C13-C14-C16 177.9(14) C10-C9-C14-C13 0 
C15-C9-C14-C13 -176.5(13) C10-C9-C14-C16 -177.8(14) 
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C15-C9-C14-C16 5.6(15) C7-C6-C15-O1 -166.(4) 
C5-C6-C15-O1 19.(4) C7-C6-C15-C9 0.(4) 
C5-C6-C15-C9 -175.1(17) C10-C9-C15-O1 -10.(3) 
C14-C9-C15-O1 166.(2) C10-C9-C15-C6 -179.5(15) 
C14-C9-C15-C6 -3.(2) C13-C14-C16-O2 -9.(3) 
C9-C14-C16-O2 169.(2) C13-C14-C16-C7 177.4(18) 
C9-C14-C16-C7 -5.(3) C6-C7-C16-O2 -174.(3) 
C8-C7-C16-O2 5.(4) C6-C7-C16-C14 1.(4) 
C8-C7-C16-C14 -180.(3) Pt1-C17-C18-C19 160.(30) 
C17-C18-C19-C24 -129.(14) C17-C18-C19-C20 46.(17) 
C24-C19-C20-C21 -6.(5) C18-C19-C20-C21 179.(4) 
C19-C20-C21-C22 -5.(6) C19-C20-C21-C31 176.(3) 
C20-C21-C22-C23 -3.(5) C31-C21-C22-C23 176.(3) 
C20-C21-C22-C32 -177.(3) C31-C21-C22-C32 1.(5) 
C21-C22-C23-C24 19.(4) C32-C22-C23-C24 -166.(2) 
C20-C19-C24-C23 21.(4) C18-C19-C24-C23 -163.(2) 
C22-C23-C24-C19 -29.(3) C30-C25-C26-C27 0 
C31-C25-C26-C27 -179.5(15) C25-C26-C27-C28 0 
C26-C27-C28-C29 0 C27-C28-C29-C30 0 
C28-C29-C30-C25 0 C28-C29-C30-C32 179.6(15) 
C26-C25-C30-C29 0 C31-C25-C30-C29 179.5(15) 
C26-C25-C30-C32 -179.6(15) C31-C25-C30-C32 -0.1(17) 
C20-C21-C31-O3 9.(6) C22-C21-C31-O3 -170.(4) 
C20-C21-C31-C25 176.(3) C22-C21-C31-C25 -3.(5) 
C26-C25-C31-O3 -7.(3) C30-C25-C31-O3 173.(2) 
C26-C25-C31-C21 -178.(2) C30-C25-C31-C21 2.(3) 
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C29-C30-C32-O4 -13.(3) C25-C30-C32-O4 167.(2) 
C29-C30-C32-C22 179.0(17) C25-C30-C32-C22 -1.(2) 
C23-C22-C32-O4 16.(4) C21-C22-C32-O4 -170.(3) 
C23-C22-C32-C30 -173.(2) C21-C22-C32-C30 1.(4) 
P1-C33-C34-C35 157.2(16) C33-C34-C35-C36 -78.(3) 
P1-C37-C38-C39 172.(3) C37-C38-C39-C40 171.(3) 
P1-C41-C42-C43 165.(2) C41-C42-C43-C44 152.(3) 
P2-C45-C46-C47 158.(2) C45-C46-C47-C48 154.(2) 
P2-C49-C50-C51 -154.(3) C49-C50-C51-C52 -175.(3) 
P2-C53-C54-C56 173.9(19) C53-C54-C56-C55 56.(3) 
C42-C41-P1-C33 -177.(3) C42-C41-P1-C37 -68.(3) 
C42-C41-P1-Pt1 59.(3) C34-C33-P1-C41 168.(2) 
C34-C33-P1-C37 53.(2) C34-C33-P1-Pt1 -70.(2) 
C38-C37-P1-C41 -39.(4) C38-C37-P1-C33 72.(4) 
C38-C37-P1-Pt1 -164.(3) C54-C53-P2-C49 -47.(3) 
C54-C53-P2-C45 61.(3) C54-C53-P2-Pt1 -171.(2) 
C50-C49-P2-C53 -90.(4) C50-C49-P2-C45 161.(4) 
C50-C49-P2-Pt1 38.(5) C46-C45-P2-C53 65.(2) 
C46-C45-P2-C49 179.(3) C46-C45-P2-Pt1 -63.(2) 
C2-C1-Pt1-C17 120.(40) C2-C1-Pt1-P1 -137.(19) 
C2-C1-Pt1-P2 44.(19) C18-C17-Pt1-C1 -70.(70) 
C18-C17-Pt1-P1 -180.(40) C18-C17-Pt1-P2 0.(40) 
C41-P1-Pt1-C1 52.1(15) C33-P1-Pt1-C1 -66.4(15) 
C37-P1-Pt1-C1 176.4(17) C41-P1-Pt1-C17 -129.1(15) 
C33-P1-Pt1-C17 112.4(15) C37-P1-Pt1-C17 -4.8(17) 
C41-P1-Pt1-P2 70.(20) C33-P1-Pt1-P2 -50.(20) 
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C37-P1-Pt1-P2 -170.(20) C53-P2-Pt1-C1 11.7(15) 
C49-P2-Pt1-C1 -113.(2) C45-P2-Pt1-C1 132.6(15) 
C53-P2-Pt1-C17 -167.1(15) C49-P2-Pt1-C17 68.(2) 
C45-P2-Pt1-C17 -46.2(14) C53-P2-Pt1-P1 0.(30) 




Table 7. Anisotropic atomic displacement parameters (Å
2
) for 2a. 





 U12 ] 
 
U11 U22 U33 U23 U13 U12 
C1 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C2 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C3 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C4 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C5 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C6 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C7 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C8 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C9 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C10 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C11 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C12 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C13 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C14 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C15 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C16 0.097(3) 0.074(2) 0.080(3) -0.0012(18) -0.033(2) 0.000(2) 
C17 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C18 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C19 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C20 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 




U11 U22 U33 U23 U13 U12 
C22 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C23 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C24 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C25 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C26 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C27 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C28 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C29 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C30 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C31 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C32 0.098(3) 0.082(3) 0.073(2) 0.0004(19) -0.034(2) 0.013(2) 
C33 0.134(8) 0.143(9) 0.114(6) -0.014(6) -0.027(6) -0.046(6) 
C34 0.134(8) 0.143(9) 0.114(6) -0.014(6) -0.027(6) -0.046(6) 
C35 0.134(8) 0.143(9) 0.114(6) -0.014(6) -0.027(6) -0.046(6) 
C36 0.134(8) 0.143(9) 0.114(6) -0.014(6) -0.027(6) -0.046(6) 
C37 0.179(12) 0.178(11) 0.082(6) 0.008(6) -0.026(7) 0.012(9) 
C38 0.179(12) 0.178(11) 0.082(6) 0.008(6) -0.026(7) 0.012(9) 
C39 0.179(12) 0.178(11) 0.082(6) 0.008(6) -0.026(7) 0.012(9) 
C40 0.179(12) 0.178(11) 0.082(6) 0.008(6) -0.026(7) 0.012(9) 
C41 0.141(10) 0.155(12) 0.115(8) 0.019(7) -0.047(7) -0.018(8) 
C42 0.141(10) 0.155(12) 0.115(8) 0.019(7) -0.047(7) -0.018(8) 
C43 0.141(10) 0.155(12) 0.115(8) 0.019(7) -0.047(7) -0.018(8) 
C44 0.141(10) 0.155(12) 0.115(8) 0.019(7) -0.047(7) -0.018(8) 
C45 0.091(6) 0.142(9) 0.134(8) -0.010(6) -0.045(6) -0.016(6) 




U11 U22 U33 U23 U13 U12 
C47 0.091(6) 0.142(9) 0.134(8) -0.010(6) -0.045(6) -0.016(6) 
C48 0.091(6) 0.142(9) 0.134(8) -0.010(6) -0.045(6) -0.016(6) 
C49 0.222(17) 0.175(13) 0.222(16) -0.007(11) -0.065(14) -0.100(13) 
C50 0.222(17) 0.175(13) 0.222(16) -0.007(11) -0.065(14) -0.100(13) 
C51 0.222(17) 0.175(13) 0.222(16) -0.007(11) -0.065(14) -0.100(13) 
C52 0.222(17) 0.175(13) 0.222(16) -0.007(11) -0.065(14) -0.100(13) 
C53 0.159(9) 0.121(7) 0.081(5) -0.015(5) -0.034(6) -0.010(6) 
C54 0.159(9) 0.121(7) 0.081(5) -0.015(5) -0.034(6) -0.010(6) 
C55 0.159(9) 0.121(7) 0.081(5) -0.015(5) -0.034(6) -0.010(6) 
C56 0.159(9) 0.121(7) 0.081(5) -0.015(5) -0.034(6) -0.010(6) 
O1 0.17(2) 0.159(18) 0.118(15) -0.051(13) -0.036(13) 0.097(16) 
O2 0.113(10) 0.090(10) 0.086(8) -0.014(7) -0.022(7) 0.042(8) 
O3 0.115(12) 0.095(11) 0.095(9) 0.003(8) -0.027(8) 0.031(9) 
O4 0.150(18) 0.104(10) 0.124(14) 0.006(9) -0.081(13) 0.036(10) 
P1 0.091(5) 0.093(5) 0.085(4) 0.017(3) -0.038(4) -0.014(4) 
P2 0.095(5) 0.074(4) 0.071(4) -0.021(3) -0.020(3) 0.007(3) 
Pt1 0.0841(3) 0.0742(2) 0.0733(2) 0.00255(16) -0.03077(19) -0.00057(17) 
 
Table 8. Hydrogen atomic coordinates and isotropic atomic displacement parameters (Å
2
) for 2a. 
 
x/a y/b z/c U(eq) 
H4 -0.4830 0.6536 0.8351 0.101 
H5 -0.6311 0.7138 0.7343 0.101 
H8 -0.1818 0.5007 0.5887 0.101 




x/a y/b z/c U(eq) 
H11 -0.5388 0.9952 0.2214 0.101 
H12 -0.3121 0.8899 0.1386 0.101 
H13 -0.1881 0.7428 0.2352 0.101 
H20 -0.0582 -0.0455 1.2658 0.103 
H23 0.3580 -0.3179 1.1160 0.103 
H24 0.2923 -0.0992 1.0159 0.103 
H26 -0.0683 -0.2203 1.6070 0.103 
H27 0.0265 -0.3649 1.7225 0.103 
H28 0.2421 -0.5003 1.6596 0.103 
H29 0.3629 -0.4911 1.4811 0.103 
H33A -0.1728 0.5673 0.9938 0.155 
H33B -0.2456 0.5669 1.1177 0.155 
H34A -0.0385 0.4666 1.1526 0.155 
H34B 0.0258 0.4068 1.0417 0.155 
H35A -0.0030 0.6839 1.0564 0.155 
H35B 0.1353 0.5901 1.0695 0.155 
H36A 0.1430 0.6994 0.8971 0.194 
H36B 0.0588 0.5838 0.8897 0.194 
H36C 0.2132 0.5484 0.9041 0.194 
H37A -0.2198 0.1671 1.1911 0.187 
H37B -0.1192 0.2705 1.1931 0.187 
H38A -0.3076 0.3991 1.3030 0.187 
H38B -0.4197 0.3118 1.2916 0.187 
H39A -0.3233 0.1257 1.3764 0.187 




x/a y/b z/c U(eq) 
H40A -0.3488 0.3467 1.4843 0.233 
H40B -0.3527 0.1979 1.5359 0.233 
H40C -0.4763 0.2688 1.4890 0.233 
H41A -0.4628 0.4351 1.1354 0.166 
H41B -0.4239 0.4431 1.0122 0.166 
H42A -0.4687 0.2112 1.1312 0.166 
H42B -0.4671 0.2471 1.0136 0.166 
H43A -0.7071 0.3011 1.1969 0.166 
H43B -0.7001 0.4052 1.0957 0.166 
H44A -0.6806 0.2359 0.9886 0.207 
H44B -0.7925 0.1854 1.0942 0.207 
H44C -0.6288 0.1240 1.0666 0.207 
H45A 0.2161 0.0124 0.8239 0.144 
H45B 0.2498 0.0182 0.6998 0.144 
H46A 0.3010 0.2420 0.6756 0.144 
H46B 0.2134 0.2694 0.7945 0.144 
H47A 0.4586 0.0668 0.7582 0.144 
H47B 0.3961 0.1566 0.8562 0.144 
H48A 0.5025 0.2887 0.6413 0.18 
H48B 0.6107 0.2480 0.7081 0.18 
H48C 0.4759 0.3575 0.7461 0.18 
H49A -0.0218 -0.0576 0.7175 0.239 
H49B -0.0031 -0.0905 0.8300 0.239 
H50A -0.2532 0.0275 0.8886 0.239 




x/a y/b z/c U(eq) 
H51A -0.1962 -0.2403 0.8312 0.239 
H51B -0.2062 -0.1982 0.9433 0.239 
H52A -0.4419 -0.1198 0.9774 0.298 
H52B -0.4237 -0.2603 0.9328 0.298 
H52C -0.4357 -0.1270 0.8593 0.298 
H53A -0.0805 0.2441 0.6581 0.146 
H53B 0.0724 0.2822 0.6452 0.146 
H54A 0.1828 0.0946 0.5591 0.146 
H54B 0.0340 0.0435 0.5800 0.146 
H55A 0.1152 0.3658 0.4843 0.182 
H55B 0.1035 0.3606 0.3704 0.182 
H55C 0.2434 0.2912 0.3981 0.182 
H56A -0.0251 0.2034 0.4617 0.146 






















Table 9. Relative atomic contributions (in %) of the various fragments on the frontier MOs of the model 




     2a              2b 
Figure 1. Images of the optimized geometries for 2a and 2b.  The MO energies are in Hartree. The 
total DFT energy are -3278.3735 and -3278.3733 a.u., respectively. The dihedral angle made by the 







 H-4 H-3 H-2 H-1 HOMO LUMO L+1 L+2 L+3 L+4 
terminal 
AQ 
14.25 7.96 6.71 23.66 17.89 72.30 96.78 24.67 25.86 95.10 
[Pt] 65.57 86.24 87.60 68.01 65.87 3.78 3.12 5.22 10.09 4.68 
central 
AQ 
20.18 5.79 5.69 8.34 16.25 23.93 0.10 70.11 64.05 0.21 
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Table 10. Calculated positions of the first 100 electronic transitions, oscillator strength (f), and major 






510.1 0.2650 H-1→LUMO(12%),H-1→L+1(12%),HOMO→LUMO(50%), HOMO→L+1 (18%) 
506.7 0.4792 H-1→LUMO(33%),H-1→L+1(15%),HOMO→LUMO(15%), HOMO→L+1 (27%) 
498.6 0.0117 H-1→L+1 (17%), HOMO→L+2 (72%) 
494.7 0.0130 H-2→LUMO (49%), H-2→L+1 (47%) 
491.4 0.0320 H-3→LUMO (56%), H-3→L+1 (34%) 
488.3 0.0688 H-3→L+2 (16%), H-2→L+2 (29%), H-1→L+2 (33%) 
483.6 0.0250 H-3→L+2 (15%), H-2→L+2 (51%), H-1→L+2 (13%) 
476.5 0.1382 H-3→L+2 (47%), H-1→L+2 (26%) 
457.7 0.0001 H-1→L+1 (22%), HOMO→LUMO (20%), HOMO→L+1 (29%), HOMO→L+2 (10%) 
455.6 0.0001 H-1→LUMO (24%), H-1→L+1 (25%), H-1→L+2 (14%), HOMO→LUMO (12%), 
HOMO→L+1 (17%) 
441.5 0.0006 H-4→LUMO (40%), H-4→L+2 (50%) 
435.0 0.0000 H-2→LUMO (39%), H-2→L+1 (45%), H-2→L+2 (15%) 
433.6 0.0010 H-4→L+1 (25%), H-3→LUMO (14%), H-3→L+1 (26%) 
431.7 0.0002 H-5→LUMO (20%), H-4→LUMO (15%), H-4→L+1 (29%), H-4→L+2 (12%) 
430.8 0.0003 H-5→L+1 (11%), H-4→LUMO (14%), H-4→L+2 (14%), H-3→LUMO (13%), H-3→L+1 
(27%) 
428.9 0.2456 H-5→LUMO (19%), H-5→L+2 (68%) 
413.0 0.0000 H-12→LUMO (10%), H-12→L+1 (16%), H-10→LUMO (10%), H-10→L+1 (16%) 
412.9 0.0000 H-11→LUMO (26%), H-11→L+1 (29%) 
412.0 0.0001 H-10→LUMO (11%), H-10→L+2 (32%), H-8→L+2 (21%) 
404.4 0.0026 H-5→LUMO (20%), H-5→L+1 (42%), H-5→L+2 (10%), H-4→LUMO (13%), H-4→L+1 
(10%) 
403.6 0.0037 H-5→LUMO (28%), H-5→L+1 (31%), H-5→L+2 (16%), H-4→L+1 (16%) 
388.1 0.0001 H-7→LUMO (53%), H-7→L+1 (30%) 
388.1 0.0000 H-7→LUMO (10%), H-6→LUMO (45%), H-6→L+1 (38%) 
383.9 0.0000 H-6→L+2 (82%) 
383.7 0.0000 H-7→L+2 (82%) 
380.7 0.0000 H-22→LUMO (24%), H-22→L+2 (65%) 
379.8 0.0000 H-25→LUMO (38%), H-25→L+1 (41%), H-25→L+2 (11%) 
379.8 0.0000 H-24→LUMO (31%), H-24→L+1 (49%), H-24→L+2 (11%) 
357.5 0.0000 H-6→LUMO (38%), H-6→L+1 (45%), H-6→L+2 (16%) 
357.3 0.0000 H-7→LUMO (30%), H-7→L+1 (54%), H-7→L+2 (16%) 
350.5 1.5167 H-1→L+4 (15%), HOMO→L+3 (66%) 
346.7 0.0477 H-1→L+3 (24%), H-1→L+5 (12%), HOMO→L+4 (28%) 
343.0 0.1387 H-1→L+4 (12%), HOMO→L+3 (11%), HOMO→L+5 (32%) 
341.1 0.0152 H-3→L+3 (15%), H-2→L+3 (40%), H-1→L+3 (10%) 
340.3 0.0610 H-3→L+3 (29%), H-2→L+3 (30%) 
338.4 0.0018 H-15→L+2 (12%), H-3→L+3 (13%), H-3→L+4 (14%), H-1→L+3 (11%) 
336.4 0.0053 H-8→LUMO (24%), H-3→L+5 (10%) 
335.9 0.0000 H-2→L+4 (20%), H-2→L+5 (41%) 
333.8 0.0393 H-8→L+1 (10%), H-3→L+4 (14%), H-3→L+5 (21%) 
331.3 0.1365 H-9→L+1 (11%), H-9→L+2 (14%) 
330.9 0.0026 H-9→LUMO (20%), H-9→L+2 (15%), H-8→L+2 (19%) 
327.4 0.0928 H-10→L+2 (10%), H-9→L+2 (16%), H-8→L+2 (19%) 
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326.2 0.0979 H-9→L+2 (11%) 
325.4 0.3779 HOMO→L+5 (10%) 
322.2 0.0913 H-20→LUMO (17%), H-20→L+1 (29%), H-16→LUMO (10%), H-16→L+1 (16%) 
322.1 0.0345 H-21→LUMO (19%), H-21→L+1 (22%), H-17→LUMO (16%), H-17→L+1 (17%) 
321.3 0.0015 H-15→LUMO (10%), H-15→L+2 (20%), H-1→L+3 (25%) 
317.9 0.0583 H-13→LUMO (10%), H-13→L+1 (12%), H-12→L+1 (11%) 
317.5 0.0243 H-23→L+2 (15%), H-13→L+2 (11%), H-12→L+2 (14%) 
316.2 0.0262 H-14→LUMO (17%), H-14→L+1 (10%) 
314.5 0.0034 H-14→L+2 (12%), H-13→L+2 (25%), H-11→L+2 (21%) 
313.5 0.0688 H-1→L+4 (25%), H-1→L+5 (12%), HOMO→L+4 (17%), HOMO→L+5 (26%) 
312.6 0.0461 H-1→L+4 (22%), H-1→L+5 (25%), HOMO→L+4 (14%) 
312.5 0.0006 H-8→LUMO (21%), H-8→L+1 (29%), H-1→L+5 (10%) 
310.6 0.0036 H-14→LUMO (10%), H-9→LUMO (19%), H-9→L+1 (22%) 
310.3 0.1727 H-14→L+2 (12%), H-4→L+3 (45%) 
309.4 0.0081 H-19→LUMO (60%), H-19→L+1 (30%) 
309.3 0.0043 H-18→LUMO (53%), H-18→L+1 (38%) 
307.4 0.1298 H-23→L+2 (21%), H-19→L+2 (26%) 
307.1 0.0006 H-19→L+2 (13%), H-18→L+1 (10%), H-18→L+2 (65%) 
306.8 0.0659 H-23→L+2 (16%), H-19→L+2 (40%) 
305.8 0.0002 H-10→LUMO (17%), H-10→L+1 (33%) 
304.5 0.0003 H-10→LUMO (34%), H-10→L+1 (25%) 
303.5 0.0001 H-13→L+2 (21%), H-12→LUMO (12%), H-10→L+2 (18%) 
303.2 0.0014 H-14→L+2 (18%), H-11→LUMO (16%), H-11→L+2 (21%), H-10→L+2 (10%) 
303.0 0.0003 H-2→L+3 (11%), H-2→L+4 (42%), H-2→L+5 (31%) 
302.8 0.0083 H-5→L+3 (34%), H-4→L+4 (26%) 
302.1 0.2185 H-5→L+3 (10%), H-5→L+4 (15%), H-4→L+5 (35%), H-3→L+5 (11%) 
301.3 0.0741 H-5→L+3 (17%), H-5→L+5 (17%), H-4→L+4 (12%), H-4→L+5 (11%), H-3→L+4 (11%) 
301.0 0.0230 H-5→L+5 (13%), H-4→L+4 (19%), H-3→L+4 (23%), H-3→L+5 (20%) 
299.9 0.0046 H-12→LUMO (19%), H-12→L+1 (29%), H-12→L+2 (16%) 
299.6 0.0024 H-11→LUMO (17%), H-11→L+1 (41%), H-11→L+2 (21%) 
298.4 0.0756 H-27→LUMO (16%), H-27→L+1 (16%), H-26→LUMO (16%), H-26→L+1 (16%) 
298.2 0.0767 H-27→LUMO (12%), H-27→L+1 (19%), H-26→LUMO (14%), H-26→L+1 (20%) 
296.3 0.0008 H-15→L+1 (83%) 
296.1 0.0001 H-15→LUMO (57%), H-15→L+2 (26%) 
294.5 0.0002 H-13→LUMO (30%), H-13→L+1 (36%), H-13→L+2 (14%) 
294.0 0.0002 H-16→LUMO (33%), H-16→L+2 (59%) 
293.9 0.0003 H-17→LUMO (31%), H-17→L+2 (61%) 
293.0 0.0113 H-1→L+10 (22%), HOMO→L+10 (45%) 
292.6 0.0006 H-1→L+9 (58%), HOMO→L+9 (38%) 
292.3 0.0002 H-14→LUMO (25%), H-14→L+1 (45%), H-14→L+2 (13%) 
290.3 0.0000 H-18→LUMO (36%), H-18→L+1 (43%), H-18→L+2 (15%) 
290.2 0.0000 H-19→LUMO (29%), H-19→L+1 (52%), H-19→L+2 (15%) 
288.6 0.0000 H-16→LUMO (29%), H-16→L+1 (42%), H-16→L+2 (23%) 
288.5 0.0000 H-17→LUMO (23%), H-17→L+1 (50%), H-17→L+2 (23%) 
287.9 0.0022 H-5→L+4 (39%), H-5→L+5 (23%), H-4→L+4 (13%), H-4→L+5 (13%) 
287.4 0.0011 H-5→L+4 (31%), H-5→L+5 (35%), H-4→L+4 (14%), H-4→L+5 (10%) 
287.4 0.0000 H-22→LUMO (14%), H-22→L+1 (80%) 
287.2 0.0000 H-22→LUMO (58%), H-22→L+1 (18%), H-22→L+2 (22%) 
286.8 0.0000 H-20→LUMO (32%), H-20→L+2 (48%) 
286.7 0.0012 H-21→LUMO (31%), H-21→L+2 (49%) 
285.2 0.0003 H-23→LUMO (14%), H-23→L+1 (74%) 
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285.1 0.0014 H-23→LUMO (52%), H-23→L+1 (18%), H-23→L+2 (21%) 
284.9 0.0005 H-7→L+3 (87%) 
284.7 0.0001 H-6→L+3 (85%), H-6→L+4 (11%) 
282.9 0.0235 H-2→L+9 (22%), HOMO→L+6 (17%) 
282.7 0.0000 H-24→LUMO (37%), H-24→L+2 (59%) 
282.7 0.0000 H-25→LUMO (35%), H-25→L+2 (60%) 





Figure 2. Thermal gravimetric analysis (TGA) and its 1
st
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CHAPTER 4 PUSH-PULL PORPHYRIN-CONTAINING POLYMERS: 
MATERIALS EXHIBITING ULTRAFAST NEAR-IR PHOTOPHYSICS 
4.1. About the Project 
The objective of this project is to design several porphyrin-containing « push-pull » polymers, which 
hopefully show applications in polymer photocells. One way to gain higher efficiency in photocells is to 
use polymers which are capable of absorbing photons as much as possible from the sun. The irradiance 
spectrum of sun is maximum between 400 and 800 nm on earth. The porphyrin alone has a sharp and 
strong absorption around 400 nm region, and a weak Q-band in the 550-650 nm window. It cannot 
efficiently absorb energy in the ~650-800 nm range in the NIR region. However, if the porphyrin is 
coupled with an acceptor group (of electronic density) in a polymer, a new charge transfer absorption 
band with a significant red shift will allow the porphyrin-containing polymer to absorb that part of light 
energy. 







(acceptor = isoindigo (P1),
 
bis--(methylamino-1,4-benzene)quinone (P2), N-(1,4-benzene)(methyl- 
amino-1,4-benzene)maleimide (P3), and 2,2’-anthraquinone (P4); [Zn] = bis(meso-aryl)porphyrinzinc(II) 
= donor) and models M1 and M2 (acceptor’-C≡C-[Zn]-C≡C-acceptor’; acceptor’ = respectively 















cyclic voltammetry, steady state and ultrafast time-resolved UV-vis and emission 
spectroscopy) and studied by density functional theory (DFT) and time-dependent DFT (TDDFT). New 
charge transfer bands of P1 (fully conjugated polymer), P2 (formally non-conjugated but exhibit strong 
electronic communication accross the chain) and P4 (formally non-conjugated but local conjugation 
between the donor and acceptor) were produced obviously and they are near-IR emitters (max > 750 nm). 
In addition, we find the excited energy transfer processes (radiative and nonradiative ways) are all very 
fast. 
This is a manuscript which was submitted for publication in Macromolecules (ma-2015-01607h). It is 
authored by Xiaorong Wang, Gessie Brisard, Daniel Fortin, Paul-Ludovic Karsenti and Pierre D. Harvey. 
This work was carried out at the Université de Sherbrooke under the supervision of Prof. Pierre D. 
Harvey. I performed all the syntheses and most of the characterization described in the paper. 
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Paul-Ludovic Karsenti helped me finish the lifetime measurements and transient absorption spectra. 
Doctor Daniel Fortin made analysis of X-ray single crystal diffraction. Professor Gessie Brisard 
supervised me for the electrochemistry part. Pierre D. Harvey wrote this manuscript. 
4.2. Manuscript 
 Push-Pull Porphyrin-containing Polymers: Materials Exhibiting Ultrafast Near-IR 
Photophysics 













(C≡C-[Zn]-C≡C-A)n (A = isoindigo (P1),
 
bis(-methylamino-1,4-benzene)quinone (P2), N-(1,4-benzene)(methylamino-1,4-benzene)-maleimide 
(P3), and 2,2’-anthraquinone (P4); [Zn] = bis(meso-aryl)porphyrinzinc(II) = donor) and models M1 and 















cyclic voltammetry, steady state and 
ultrafast  time-resolved UV-vis and emission spectroscopy) and studied by density functional theory 
(DFT) and time-dependent DFT (TDDFT) in order to address the nature of the low-lying singlet and 
triplet excited states. P1 (fully conjugated polymer), P2 (formally non-conjugated but exhibit strong 
electronic communication accross the chain) and P4 (formally non-conjugated but local conjugation 
between the donor and acceptor) are near-IR emitters (max > 750 nm). M1 and M2 are 
mono-C≡C-[Zn]-C≡C species, and P3 exhibits a very modest CT contribution (as maleimide is a weak 
acceptor) and are not near-IR emitters. The nature of the S1 and T1 excited states are CT processes 
donor*→acceptor. In P1-P4, a dual fluorescence (7.7 < F < 770 ps; except one value at 2.5 ns; P3) is 
depicted, which are assigned to fluorescences arising from the terminal and central units of the polymers 
identified from the comparison with M1 and M2. The high and low energy fluorescences are respectively 
short (77 < F < 166 ps) and long-lived (688 < F < 765 ps) suggesting S1 energy transfers with rates, kET, 
of 7.1 (P1), 12 (P2) and 4.5 (ns)
-1
 (P4). The fs transient absorption spectra exhibit particularly very short 
triplet lifetimes (2.3 < T1 < 87 ns) explaining the absence of phosphorescence, Also ultrafast  lifetimes 
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(85 <  < 1290 fs) for species excited in the 0-0 peak of the Q-band (650 nm; i.e. * porphyrin level) 
indicating its rather efficient non-radiative deactivation (Sn~>S1 and Sn~>Tm). Upon cooling or increasing 
the solution concentration, new red-shifted fluorescence bands appear, evidencing aggregate formation. 
Both fluorescence and transient absorption lifetimes of P1-P4 become shorter and their band intensity 
lower. Finally, the position of the optically silent phosphorescence has been predicted to be in the 1300 
(P1, P2) and 1000 nm (P3, P4) zones (DFT). 
 
4.2.2. Introduction 
Conjugated push-pull polymers have been the topic of intense research over the past decade or so, 
namely for the design of new materials for photovoltaic cells.
1
 One of the chromophores that received 
little attention relative to thiophene, phenylenevinylene, pyrole, and structurally related units (this list is 
not exhaustive), is the porphyrin. Several conjugated polyporphyrins have been reported so far, 
including a few push-pull examples,
2
 along with their low band gap properties. Generally, the 
metalloporphyrin unit plays the role of the
 






not used as a potential acceptor except for one work reported by Therien and collaborators who 
investigated a monomer composed of one zinc(II)porphyrin conjugated with two meso-isoindigo units.
4a
 
Similarly, the spacer 2,2’-anthraquinone, which appears as a non-conjugated unit, was recently reported 
to form a “push-pull” organometallic polymer of Pt(II),6 but no polymer containing porphyrin was 
reported so far. In fact, only a dimer of nickel(II)porphyrin was studied.
7
 Interestingly in this case, 
electrochemical results indicate that the two units are coupled (i.e. presence of electronic 
communication). Finally, the bis(p-phenylethynyl)quinone diimine and its related derivatives in relation 
with polyaniline were also the subject of intense investigations by our group towards the design of 
polymers,
8
 and only two polymers containing a porphyrin donor was reported (see P5a,b in Chart 1).
9
 
Facing this obvious paucity of porphyrin-containing push-pull polymers (i.e. only 2 cases of the same 
type),
1g
 we were intrigued by the design of other related examples along with their optical and electronic 
properties whether they are formally conjugated (like in isoindigo) or not (like in 2,2’-anthraquinone), in 
comparison with those using the bis(p-phenylethynyl)quinone diimine acceptor (here conjugated).  
We now wish to report the synthesis and properties of push-pull polymers containing the 
bis-meso-(ethynyl)zinc(II)porphyrin,










and 2,2’-anthraquinone6,7 as acceptors (see respectively structures P1-P4, in Chart 1). The three latter 














communication across the units.
7,10c
 Evidence for S1 energy transfer 
(terminal*→central units) is also provided for the near-IR emitters P1, P2 and P4 (max > 750 nm). All 
photophysical parameters also demonstrate that the Sn excited state deactivations are ultrafast. 
  
 
Chart 1. Structures of the push-pull porphyrin-containing polymers investigated in this work 
(P1-P4) in comparison with that for P5a,b. 
 




















, were prepared according to literature 
procedures. Compound 5 was obtained by using the same method as 3, All reactions were performed in 
Schlenk-tube flasks under purified nitrogen. All flasks were dried under a flame to eliminate moisture. 
All solvents were distilled from appropriate drying agents. All other reagents were used as received. 
5,15-Dibromo-10,20-bis(3,4,5-tris(cetyloxy)phenyl)porphyrinzinc(II) (6). 5,15-Bis(3,4,5-tris- 
(cetyloxy)phenyl)porphyrin (800 mg, 0.42 mmol) was dissolved in chloroform (150 mL) and pyridine 
(0.4 mL) was added. The reaction mixture was cooled to 0⁰C and NBS (N-bromosuccinimide) (150 mg, 
0.84 mmol) was added. After stirring for 0.5 h, the mixture was allowed to warm up to room temperature 
and stirred for 4 h. The reaction was quenched by addition of acetone (5 mL). Zn(OAc)2·H2O (75 mg, 1 
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mmol) in methanol (15 mL) was added into the solution above. The reaction mixture was stirred at room 
temperature for 2 h. The evaporation of the solvent and purification by column chromatography (silica 
gel, CH2Cl2/hexanes (1/1)) afforded a purple solid (800 mg, 90% yield). 
1
H NMR (400 MHz, CDCl3): δ 
(ppm) 9.73 (d, J = 4.8 Hz, 4 H), 9.06 (d, J = 4.8 Hz, 4 H), 7.36 (s, 4 H), 4.29 (t, J = 6.4 Hz, 4 H), 4.09 (t, 
J = 6.4 Hz, 8 H), 1.97 (m, 4 H), 1.87 (m, 8 H), 1.67 (m, 4 H), 1.47 (m, 8 H), 1.25 (m, 144 H), 0.87 (m, 
18 H). 
13
C NMR (101 MHz, CDCl3): δ 151.25, 151.17, 150.43, 138.08, 137.09, 133.91, 133.40, 122.68, 
114.51, 105.49, 73.95, 69.52, 32.19, 32.15, 30.79, 30.14, 30.11, 30.08, 30.03, 30.01, 29.93, 29.88, 29.69, 
29.67, 29.65, 29.59, 26.54, 26.35, 22.95, 22.92, 14.38, 14.36. MS (MALDI-TOF): m/z 2126 (M
+
). Anal. 
Calcd for C128H210Br2N4O6Zn: C, 72.30; H, 9.95; N, 2.64. Found: C, 71.97; H, 9.56; N, 2.50 %. 
5,15-Diethynyl-10,20-bis(3,4,5-tris(cetyloxy)phenyl)porphyrinzinc(II) (1). Compound 6 (800 mg, 
0.38 mmol) was dissolved in THF (75 mL), and triethylamine (75 mL) was added. The mixture was 
purged with nitrogen for 30 min. Pd(PPh3)2Cl2 (13 mg, 0.02 mmol), CuI (4 mg, 0.02 mmol), and 
trimethylsilylacetylene (0.2 mL, 1.14 mmol) were added. After heating at 60 ⁰C for 48 h under nitrogen, 
the solvent was removed under reduced pressure. The residue was filtered using CH2Cl2 over a silica 
carpet. The filtrate was collected and evaporated to 100 mL, and tetrabutylammonium fluoride (1 mL, 1 
M in THF) was added. After stirring for 2 h, water was added to quench the reaction. The solution was 
extracted with chloroform, washed with water and dried over anhydrous MgSO4. After evaporation of 
the solvent, the residue was purified by column chromatography (silica gel, CH2Cl2/hexanes (1/1)) to 
give a green solid (500 mg, 66% yield). 
1
H NMR (400 MHz, CDCl3): δ (ppm) 9.72 (d, J = 4.8 Hz, 4 H), 
9.05 (d, J = 4.4 Hz, 4 H), 7.38 (s, 4 H), 4.27 (t, J = 6.4 Hz, 4 H), 4.18 (s, 2 H), 4.09 (t, J = 6.4 Hz, 8 H), 
1.95(m, 4 H), 1.88 (m, 8 H), 1.67 (m, 4 H), 1.47 (m, 8 H), 1.26 (m, 144 H), 0.86 (m, 18 H). 
13
C NMR 
(101 MHz, CDCl3): δ 152.50, 151.31, 150.61, 138.03, 137.10, 133.27, 131.40, 122.93, 114.42, 100.32, 
85.98, 84.28, 73.93, 69.52, 32.19, 32.15, 30.80, 30.15, 30.11, 30.08, 30.06, 30.02, 30.02, 29.94, 29.88, 
29.70, 29.65, 29.59, 26.55, 26.37, 22.95, 22.92, 14.38, 14.36. MS (MALDI-TOF): m/z 2018 (M+1). 
Anal. Calcd for C132H212N4O6Zn: C, 78.62; H, 10.60; N, 2.78. Found: C, 78.30; H, 10.28; N, 2.39 %. 
Bis(2-(methyl(phenyl)amino)naphthalene-1,4-dione)(5,15-diethynyl-10,20-bis(3,4,5-tris-(cetyloxy)p
henyl)porphyrin-zinc(II) (M1). A 100 mg quantity (0.05 mmol) of 1, 38.9 mg (0.10 mmol) of 5, 3 mg 
(0.003 mmol) of Pd2(dba)3 (dba = dibenzylidene-acetone), and 23 mg (0.075 mmol) of AsPh3 were 
dissolved in THF (50 mL) and  Et3N (50 mL), and the reaction was stirred at 45 °C for 48 h under 
argon. The solvent was evaporated, and the residue was purified by column chromatography using 
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CH2Cl2/hexane (1:1, v/v) as the eluent to give M1 (68 mg, 54% yield) as a deep green solid.
1
H NMR 
(400 MHz, CDCl3): δ (ppm) 9.62 (d, J=4.0 Hz, 4 H), 8.91 (d, J=4.4 Hz, 4 H), 7.87 (d, J=8.0 Hz, 4 H), 
7.62 (br, 4 H), 7.35 (br, 4 H), 7.14 (m, 4 H), 6.87 (br, 4 H), 4.98 (s, 1 H), 4.20 (m, 4 H), 4.00 (m, 8 H), 
3.23 (s, 6 H), 1.88-1.77 (br, 12H), 1.41-1.39 (br, 12 H), 1.15-1.08 (br, 144 H), 0.76-0.68 (m, 18 H). 
13
C 
NMR (101 MHz, CDCl3): δ 183.69, 181.56, 152.26, 151.44, 150.43, 148.09, 138.15, 137.50, 133.94, 
133.01, 132.70, 131.95, 131.80, 130.94, 126.74, 125.51, 125.37, 123.24, 121.98, 114.49, 112.65, 101.69, 
96.43, 93.91, 74.04, 69.68, 43.11, 32.14, 30.90, 30.12, 30.05, 30.03, 29.94, 29.58, 26.47, 22.91, 14.35. 
MALDI-TOF: 2540 (M+1). Anal. Calcd for (C166H234N6O10Zn)n: C, 78.52; H, 9.29; N, 3.31. Found: C, 
78.15; H, 9.48; N, 3.58%. 
Bis(2-anthraquinone)(5,15-diethynyl-10,20-bis(3,4,5-tris(cetyloxy)phenyl)porphyrin-zinc(II) (M2). 
A 212.7 mg quantity (0.1 mmol) of 6, 46.4 mg (0.2 mmol) of 8, 3.5 mg (0.005 mmol) Pd(PPh3)2Cl2, and 
1 mg (0.005 mmol) of CuI were dissolved in THF (50 mL) and  Et3N (50 mL). The reaction was stirred 
at 65 ⁰C for 24 h under nitrogen. The solvent was evaporated, and the residue was purified by column 
chromatography using CH2Cl2/hexane (1:1, v/v) as the eluent to give M2 (170 mg, 70% yield) after 
recrystallization (CHCl3/acetone) as a green solid. 
1
H NMR (400 MHz, CDCl3): δ (ppm) 9.50 (s, 4 H), 
9.10 (s, 4 H), 7.65 (s, 4 H), 7.53-7.27 (br, 14 H), 4.47 (br, 4 H), 4.35 (br, 8 H), 2.05 (br, 12 H), 1.55-1.19 
(br, 156 H), 0.90-0.81 (br, 18 H). MS (MALDI-TOF): m/z 2428 (M+1). Anal. Calcd for 
C160H224N4O10Zn: C, 79.12; H, 9.30; N, 2.31. Found: C, 79.41; H, 9.57; N, 2.52 %. 
Poly((1,1'-dihexyl-[3,3'-biindolinylidene]-2,2'-dione)(5,15-diethynyl-10,20-bis(3,4,5-tris-(cetyloxy)p
henyl)porphyrinzinc(II)) (P1). A 100 mg quantity (0.05 mmol) of 1, 29.4 mg (0.05 mmol) 2, 3 mg 
(0.003 mmol) Pd2(dba)3, and 23 mg (0.075 mmol) of AsPh3 were dissolved in THF (50 mL) and Et3N 
(50 mL), and the reaction was stirred at 45 °C for 48 h under argon. The solvent was evaporated and the 
residue was purified by column chromatography using CH2Cl2/hexane (1:1, v/v) as the eluent to give P1 
(78 mg, 64 % yield) as a deep green solid. 
1
H NMR (400 MHz, CDCl3): δ (ppm) 9.09 (br, 6 H), 7.50 (br, 
6 H), 6.93 (br, 6 H), 4.36 (br, 4 H), 4.17 (br, 8 H), 3.50 (br, 4 H), 1.93 (br, 12 H), 1.26 (br, 172 H), 0.89 
(br, 24 H).  
Poly((2,5-bis(methyl(phenyl)amino)cyclohexa-2,5-diene-1,4-dione)(5,15-diethynyl-10,20-bis(3,4,5-t
ris(cetyloxy)phenyl)-porphyrinzinc(II)) (P2). A 100 mg quantity (0.05 mmol) of 1, 28.5 mg (0.05 
mmol) 3, 3 mg (0.003 mmol) Pd2(dba)3, and 23 mg (0.075 mmol) of AsPh3 were dissolved in THF (50 
mL) and Et3N (50 mL). The reaction was stirred at 45°C for 48 h under Ar. The solvent was evaporated, 
 117 
 
and the residue was purified by column chromatography using CH2Cl2/hexane (1:1, v/v) as the eluent to 
give P2 (70 mg, 60% yield) as a deep green solid. 
1
H NMR (400 MHz, CDCl3): δ (ppm) 9.75 (br, 4 H), 
9.05 (br, 4 H), 7.99 (br, 2 H), 7.66 (br, 2 H), 7.42 (br, 6 H), 6.85 (br, 4 H), 4.32 (br, 4 H), 4.12 (br, 8 H), 














(0.05 mmol) of 1, 16.3mg 
(0.05 mmol) 7, 3.5 mg (0.005 mmol) Pd(PPh3)2Cl2, and 1 mg of CuI (0.005 mmol) were dissolved in 
THF (50 mL) and  Et3N (50 mL). The reaction was stirred at 65 °C for 48 h under argon. The solvent 
was evaporated,  and the residue was purified by column chromatography using CH2Cl2/hexane (1:1, 
v/v) as the eluent to give P3 (48 mg, 42% yield) as a green solid.
1
H NMR (400 MHz, CDCl3): δ (ppm) 
9.76 (br, 4 H), 9.07 (br, 4 H), 8.11 (br, 2 H), 7.57 (br, 4 H), 7.41 (br, 6 H), 5.27 (br, 1 H), 4.32 (br, 4 H), 
4.12 (br, 8 H), 3.57 (br, 3 H), 1.98-1.89 (br, 12 H), 1.41-1.21 (br, 156 H), 0.86 (br, 18 H). 
Poly((2-anthraquinone)(5,15-diethynyl-10,20-bis(3,4,5-tris(cetyloxy)phenyl)-porphyrinzinc(II)) 
(P4). A 100 mg (0.05 mmol) of 1, 18.3 mg (0.05 mmol) of 4, 3 mg (0.003 mmol) of Pd2(dba)3, and 23 
mg (0.075 mmol) of AsPh3 were dissolved in THF (50 mL) and Et3N (50 mL). The reaction was stirred 
at 65 ⁰C for 48 h under argon. The solvent was evaporated and the residue was purified by column 
chromatography using CH2Cl2/hexane (1:1, v/v) as the eluent to give P4 (101 mg, 85% yield) as a deep 
green solid. 
1
H NMR (400 MHz, CDCl3): δ (ppm) 9.25-8.99 (br, 4 H), 8.36 (d, J = 2.0 Hz, 2 H), 8.08 (d, 
J = 8.4 Hz, 4 H), 7.89 (dd, J = 8.0, 2.0 Hz, 4H), 7.27 (s, 4 H), 4.57-4.25 (br, 12 H), 1.50-0.79 (br, 186 H). 
2,5-Bis(4-bromoaniline)quinone diamine (9a). 4-Bromoaniline (1.0 g, 6.0 mmol) was dissolved in 100 
mL of absolute ethanol and 1,4-benzoquinone (0.22 g, 2.0 mmol) was added while bubbling oxygen 
through the solution for 12 h. A precipitate formed which was filtrated through a Buchner funnel and 
washed with cold absolute ethanol. The brown product (0.27 g, 30% yield) was placed in the oven at 
100˚C prior to be dried under vacuum. IR (KBr)/cm-1 : 3237 (N-H). 1H NMR (400 MHz, DMSO): δ 




2,5-Bis(4-((trimethylsilyl)ethynylaniline))quinone diamine (10a). 2,5-Bis(4-bromo-aniline)quinone 
diamine (1.0 g, 4.0 mmol) was dissolved in a solvent mixture (40 mL toluene + 15 mL of 
diisopropylamine), containing 0.10 g (0.40 mmol) of PPh3, 0.14 g (0.20 mmol) of PdCl2(PPh3)2 and 
0.040 g (0.20 mmol) of CuI and was stirred under argon for 30 min. Using a seringe, 
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ethynyltrimethylsilane (1.0 mL, 8.0 mmol) was added dropwise. The solution was heated at 90 °C for 12 
h. The solvent was evaporated and the product was dissolved in CHCl3, washed with water (3 x 30 mL) 
and dried over anhydrous MgSO4. The red product (0.35 g, 36% yield) was purified using silica 
chromatography with CHCl3 as the solvent. IR (KBr)/cm
-1
 : 3270 (N-H), 2158 (C≡C). 1H NMR (400 
MHz, CDCl3): (ppm)8.11 (2 H, s, NH), 7.50 (4 H, m, CH aro), 7.20 (4 H, m, CH aro), 6.13 (2 H, s, 
H-Quinone), 0.25 (18 H, s, Si(CH3)3). 
13
C NMR (101 MHz, CDCl3): 180.34, 145.47, 137.22, 133.39, 
121.81, 120.55, 104.15, 96.84, 95.42, 0.00. m/z (EI): 482 (M
+
).  
Di-tert-butyl-(3,6-dioxocyclohexa-1,4-diene-1,4-diyl)bis((4-iodophenyl)carbamate) (10b). To a 






















of 4-dimethylaminopyridine (DMAP, 0.244 g, 2 
mmol).
 
The solvent was evaporated. The crude product was purified by chromatography on silica gel 
using CH2Cl2/hexane (1:1, v/v) to give 10b (0.78 g, 53% yield) as a yellow solid. 
1
H NMR (400 MHz, 
CDCl3): δ (ppm) 7.68 (d, J=8.4 Hz, 4 H, Ar), 6.94 (d, J=8.4 Hz, 4 H, Ar), 6.38 (s, 2 H, Ar), 1.43 (s, 18 H, 
6CH3). 
13
C NMR (101 MHz, CDCl3): δ 182.32, 152.35, 148.22, 140.98, 138.71, 128.92, 127.04, 92.54, 
83.79, 28.09 ppm. ESI-Tof: m/z calculated: 764.9929 (MNa
+
), m/z observed: 764.9929 (MNa
+
). 




C NMR spectra were collected on a Bruker DRX400 spectrometer using 
the solvent as chemical shift standard. The coupling constant are in Hz. MALDI-TOF mass spectra were 
recorded on a Bruker BIFLEX III TOF mass spectrometer (Bruker Daltonics, Billerica, MA, USA) using 
a 337 nm nitrogen laser with dithranol as matrix. The spectra were measured from freshly prepared 
samples. The molecular weights of the polymers were determined by GPC (HP 1050 series HPLC with 
visible wavelength and fluorescent detectors) using polystyrene standards and THF as an eluent, and the 
thermal analyses were performed with the Perkin-Elmer TGA6 thermal analyzer. The absorption spectra 
in the solution were measured on a Varian Cary 300 Bio UV-vis spectrometer at 298 K and on a 
Hewlett-Packard 8452A diode array spectrometer with a 0.1 s integration time at 77 K. The solid state 
spectra were measured by forming a polymer film on the microscope slide and were measured on a Varian 
Cary 300 Bio UV-vis spectrometer at 298 K. The steady state fluorescence (< 820 nm) and the 
corresponding excitation spectra were acquired on an Edinburgh Instruments FLS980 phosphorimeter 
equipped with single monochromators. Fluorescence lifetime measurements were made with the FLS908 
spectrometer using a 378 nm picosecond pulsed diode laser (fwhm = 78 ps) as an excitation source. Data 
collection on the FLS980 system was perfromed by time correlated single photon counting (TCSPC). The 
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emission spectra located in the near-IR region and the corresponding excitation spectra were recorded on a 
PTI QM-400 instrument. All fluorescence spectra were corrected for instrument response. 
Electrochemistry. The electrochemical measurements were carried out using a standard three-electrode 
configuration (Pt working electrode, a platinum counter electrode and a Ag wire as a pseudoreference 
electrode) and a PARC 273A potentiostat interfaced to a personal computer at room temperature under a 
flow of nitrogen gas. The solvent in all measurements was deoxygenated THF, and the supporting 




. The ferrocenium/ ferrocene (FeCp2
+/0
) couple was used as a 
standard, the reference electrode was calibrated at the end of each experiment against the 
ferrocene/ferricenium couple (Fc/Fc
+




Femtosecond transient absorption spectroscopy. The fs transient spectra and decay profiles were 
acquired on a homemade system using the SHG of a Soltice (Spectra Physics) Ti–sapphire laser (λexc = 
398 nm; fwhm > 75 fs; pulse energy = 0.1 μJ per pulse, rep. rate = 1 kHz; spot size ∼ 500 μm), a white 
light continuum generated inside a sapphire window and a custom made dual CCD camera of 64 × 1024 
pixels sensitive between 200 and 1100 nm (S7030, Spectronic Devices). The delay line permitted to 
probe up to 4 ns with an accuracy of ∼4 fs. The results were analysed with the program Glotaran 
(http://glotaran.org) permitting to extract a sum of independent exponentials 
(  ) that fits the whole 3D transient map. 
Fast kinetic fluorescence measurements. The short components of the fluorescence decays were 
measured using the output of an OPA (OPA-800CF, SpectraPhysics) operating at λexc = 490 nm, a pulse 
width of 90 fs, rep. rate = 1 kHz, pulse energy = 1.6 μJ per pulse, spot size ∼ 2 mm, and a Streak camera 
(Axis-TRS, Axis Photonique Inc.) with less than 8 ps resolution. The results were also globally analysed 
with the program Glotaran (http://glotaran.org) permitting to extract a sum of independent exponentials 
(  ). 
Quantum yield measurements. For room-temperature measurements, all samples were prepared under 
an inert atmosphere (in a glove box, O2<12 ppm) by dissolution of the different compounds in THF 
using 1 cm
3
 quartz cells with septum (298 K) measurements. Three different measurements (i.e. 
different solutions) were performed for each set of photophysical data (quantum yield). The sample 
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concentrations were chosen to correspond to an absorbance of 0.05 at the excitation wavelength. Each 
absorbance value was measured three times for better accuracy in the measurements of emission 
quantum yield. The reference was Tetraphenylporphyrin (F = 0.11).
17
 
X-ray crystallography. The crystals of 10a were grown by slow evaporation of CH2Cl2 at room 
temperature. One single crystal of 0.02 X 0.25 X 0.40 mm
3
 was mounted using a glass fiber at 298(2) K 
on the goniometer. Data were collected on an Enraf-Nonius CAD-4 automatic diffractometer at the 
Université de Sherbrooke using  scans. The DIFRAC18 program was used for centering, indexing, and 
data collection. One standard reflection was measured every 100 reflections, no intensity decay was 
observed during data collection.  The data were corrected for absorption by empirical methods based 
on psi scans and reduced with the NRCVAX
19
 programs. They were solved using SHELXS-97
20
 and 




. The non-hydrogen atoms were refined 
anisotropically. The hydrogen atoms were placed at idealized calculated geometric position and refined 
isotropically using a riding model. The crystal plates were very thin with a face of only 0.02 mm making 
the diffraction % observed low.    
The crystals of 10b were grown by slow evaporation of a CHCl3/ CH3OH solution. A clear light orange 
Plate-like specimen of C28H28I2N2O6, approximate dimensions 0.030 mm x 0.360 mm x 0.670 mm, was 
used for the X-ray crystallographic analysis. The X-ray intensity data were measured on a Bruker Kappa 
APEX II DUO CCD system equipped with a TRIUMPH curved-crystal monochromator and a Mo 
fine-focus tube (λ = 0.71073 Å). A total of 1091 frames were collected. The total exposure time was 2.42 
hours. The frames were integrated with the Bruker SAINT software package using a narrow-frame 
algorithm. The integration of the data using a triclinic unit cell yielded a total of 6907 reflections to a 
maximum θ angle of 26.57° (0.79 Å resolution), of which 6907 were independent (average redundancy 
1.000, completeness = 92.6%, Rsig = 5.78%) and 6692 (96.89%) were greater than 2σ(F2). The final cell 
constants of a = 6.1385(11) Å, b = 9.4691(17) Å, c = 25.004(5) Å, α = 88.849(5)°, β = 88.489(5)°, γ = 
81.113(5)°, volume = 1435.2(4) Å
3
, are based upon the refinement of the XYZ-centroids of 9950 
reflections above 20 σ(I) with 4.674° < 2θ < 53.14°. Data were corrected for absorption effects using the 
multi-scan method (SADABS). The ratio of minimum to maximum apparent transmission was 0.701. 
The calculated minimum and maximum transmission coefficients (based on crystal size) are 0.3174 and 
0.9363. The structure was solved and refined using the Bruker SHELXTL Software Package, using the 
space group P 1, with Z = 2 for the formula unit, C28H28I2N2O6. The final anisotropic full-matrix 
least-squares refinement on F
2
 with 326 variables converged at R1 = 8.98%, for the observed data and 
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wR2 = 23.96% for all data. The goodness-of-fit was 1.130. The largest peak in the final difference 
electron density synthesis was 9.412 e-/Å
3
 and the largest hole was -6.927 e-/Å
3
 with an RMS deviation 
of 0.359 e-/Å
3
. On the basis of the final model, the calculated density was 1.718 g/cm
3
 and F(000), 728 
e-.  
Computations.  Calculations were performed with Gaussian 09
21
 at the Université de Sherbrooke with 









 basis sets were used 
for C, H, N, O atoms, and VDZ (valence double ζ) with SBKJC effective core potentials38-40 were used 
for Zn atoms. The calculated absorption spectra and related MO contributions were obtained from the 
TDDFT/singlets output file and gaussum2.2.
41
 The electrode potentials and orbital energies were 
obtained from the DFT calculations with a method like Namazian etal.
42
 The model compounds were 
optimized before the time-dependent density-functional theory (TDDFT) calculations. Only the relevant 
(stronger oscillator strength and wave function coefficients) molecular orbitals are shown. All 
computations were performed without symmetry constraints. The predicted phosphorescence 
wavelengths were obtained by calculating the difference in the total energy between the optimised triplet 
state and the optimised singlet state.  This energy difference is equated to the T1-S0 gap and can 
therefore be used to predict the Phosphorescence wavelength of a compound.
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4.2.4. Results and Discussion 
Synthesis and characterization. The syntheses of model compounds 10a, 10b, M1 and M2 and polymers 






Scheme 1. Synthesis of P1, P2, P3, P4, M1, M2, 10a and 10b. (i) THF/Et3N, AsPh3, Pd2(dba)3, 45°C, 
48 hrs; (ii) THF/Et3N, AsPh3, Pd2(dba)3, 45°C, 48 hrs; (iii) THF/Et3N, AsPh3, Pd2(dba)3, 45°C, 48 hrs; 
(iv) THF/Et3N, AsPh3, Pd2(dba)3, 65°C, 48 hrs; (v) THF/Et3N, CuI, Pd(PPh3)2Cl2, 65°C, 48 hrs; (vi) 
THF/Et3N, CuI, Pd(PPh3)2Cl2, 65°C, 24 hrs; (vii)  toluene/Et3N, CuI, PPh3, Pd(PPh3)2Cl2, 
ethynyltrimethylsilane, 90°C, 12 hrs; (viii) THF, DMAP, BOC2O, 5 hrs. 
 
First, the starting material
 













with Bu4NF. M1, P1, P2 and 











 by Sonogashira 
coupling using Pd(PPh3)2Cl2/CuI as catalysts. The model 10a was prepared from a Sonogashira coupling 
of 9a with Me3SiC≡CH, whereas model 10b was obtained from the amine protection in 9b using BOC2O. 
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C NMR, mass spectrometry and 
so on. The data are consistent with the structures. Long chains (-OC16H33) were used on porphyrin to 
increase the solubility and indeed all porphyrin products are soluble in hexanes, CH2Cl2, THF and so on. 
The GPC analyses indicate that P1, P2, P3 and P4 are oligomers with degree of polymerization, DP, 
respectively of 7, 7, 11 and 6 (Table 1; GPC traces are in the SI). The fact that these materials are 
oligomers bringing about an interesting feature for this study. Indeed, the relative amount of terminal 
groups in comparison with the central units is large and consequently one can address the interactions (i.e. 


















in the 25-810 °C range indicates decomposition at T > 250 °C in all cases, and even exceeding 300 °C 
from some cases (Table 1; GPC traces are in the SI). This thermal stability makes these materials 
appealing for applications. The first weight loss contributes to 50-68% of the total mass of the materials 
and occurs between ~250 and 500°C. This weight loss is likely associated with the loss of the -OC16H33 
chains accounting for ~62%). 
 
Table 1. GPC and TGA data of P1, P2, P3 and P4. 
 Mn Mw PD DP Tdec(°) 
P1 15400 28700 1.87 7 > 300 
P2 15400 21700 1.40 7 > 300 
P3 24400 39300 1.61 11 > 300 
P4 13200 21800 1.65 6 > 270 
 
 






10b were prepared and 
were also used as model compounds for structural analysis purposes (Figure 1), namely in 
monitoring the dihedral angle formed by the average plane of the central -quinone and maleimide 
with their peripheral benzene groups,  and ’, as a function of the position of their low energy charge 
transfer band, CT (Table 2).  
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. The thermal ellipsoids are represented at 50% 
probability. Some detail are provided in the SI for convenience.  
 
For a more complete data set, these data are also compared to that of compounds 11 and 12 
previously reported by us (Figure 1).
10c
 It is assumed that  and ’ are weakly affected by the nature of 
the group X, so a three member series can adequately be compared. Indeed, the average  and ’ and 





I). Conclusively, as the planarity improved (i.e.  and ’ decreases), the position of the CT band 
red-shifts as if the materials would behave as they were conjugated, although formally they are not. This 
conclusion strongly supports the findings previously stressed by us on other related polymers 
(containing the trans-Pt(PBu3)2 unit instead of [Zn]).
10c 
The averaged  and ’ for 11 and 12, 
respectively 69 and 60°, cannot account for the large difference in CT band positions (X = I), 
respectively at 382 and 367 nm. This is explained by the better electron acceptor ability of the 
-quinone group (in 12) vs that for maleimide (in 11).10c Finally, the red-shifts of the CT bands going 
from X = I to X = C≡CSiMe3 is simply due to extension of the conjugated -systems. 
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       Table 2. The dihedral angles and CT absorption position of 10a and 10b, 11 and 12. 
 
 central plane N-R X  and ’ ( ⁰ )  (CT) (nm) in 2MeTHF at 298Kc 





 -quinone N-Me C≡CSiMe3 65.80 and 72.41 367 (X=I), 370 (X= C≡CSiMe3)
 a
 









  Maleimide N-Me I 55.48 and 64.55 382 (X=I) 
a) It is assumed that  and ’ are weakly affected by the nature of the group X. b) There are two 
crystallographically independent molecules in the unit cell. c) There is another feature in the 500-600 nm 
range but the maximum cannot be accurately extracted (see SI for the spectra). 
 
Electrochemistry. The cyclic voltammograms, CV, of M1, M2, P1, P2, P3 and P4 are shown in Figure 2. 
Only chemically irreversible reduction waves are noted in the ~-1.8 to 0 V vs SCE range whereas the 0 






oxidation wave attributable to the C≡C-[Zn]-C≡C 
unit was observed). Based on previous electrochemical studies, the reduction signal is associated with 













below. For comparison purposes, the CV traces for P4 exhibits the same peak potentials as for the 
polymer (C≡C-[Pt]-C≡C-AQ)n (AQ = 2,2’-anthraquinone),
6
 suggesting that there is minimal effect 








CV for M2 (i.e. AQ-C≡C-[Zn]-C≡C-AQ) exhibits a reduction peak at -1.55 V with a weak shoulder at 
~-1.35
 
V meaning that little modifications (nearly a shift of ~ 0.15 V) is observed. This is also consistent 
with the similar observation made for AQ-C≡C-[Pt]-C≡C-AQ.6 In the case of M1 and P2, the reduction 
peak positions are expectedly not the same as the electron acceptors are different (quinone vs 
naphtha-quinone). The acceptor with the least conjugated -bonds is indeed harder to reduce (i.e. 
quinone). Attempts to prepare the corresponding model compounds with quinones failed stubbornly as 
the unsubstituted side of the quinone proved reactive during the synthesis. The key result is that the first 
reduction waves are similar
 
(i.e. -1.31, -1.36, -1.24 and -1.24 V vs SCE for P1, P2, P3 and P4, 
respectively) but should not necessarily be reflected by the position of the CT bands because of the 




Figure 2. The cyclic voltammetry of M1, M2 (blue), P1, P2, P3 and P4 (both 4.0 × 10
−3
 M in THF with 
0.1 M NBu4PF6). Scan rate = 50 mV/s.  
 
Optical properties The characteristic absorption features (Figure 3) associated with the [Zn] 
chromophore are noted in the 400-500 nm range (Soret) and 500-650 nm for the Q-region (usually two 
bands for metallopoprhyrins; see data in Table 3). Above
 
700 nm, a feature associated with a CT process 
is detected. This assignment is made based upon previous findings for P5a and P5b (Chart 1)
8e
 and DFT 
computations placed below. The exception in this list is P3, a polymer composed of the weakly 
accepting quinone maleimide, for which the spectral signature resembles more that of a 
metallo-porphyrin alone (i.e. typical * signature with no extra feature above 700 nm) suggesting that 
the porphyrine chromphore does not seemingly interact strongly with this quinone acceptor. Indeed, the 




Figure 3. Absorption (black), excitation (blue) and fluorescence (red) spectra of M1, M2, P1, P2, P3 
and P4 in THF at 298 K. 
 








Absorption data for M1,
 
M2, P1, P2, P3 and P4.  
 











454 (299000), 661 (59000), 735 (10400) 
440 (147300), 461 (161000), 674 (65000) 
430 (126000), 486 (67000), 562 (16000), 750 (17500) 
454 (196000), 665 (33000), 738 (17500) 
452 (243700), 658 (30300) 
461 (126000), 690 (34800), 755 (27500) 
 
DFT and TDDFT computations. The geomerty of the M1 and M2 models were first optimized and the 
presentations of selected frontier MOs and relative contributions of the donor and acceptor fragments to 






selected MOs for M1 and M2 (H = HOMO, L
 
= LUMO; energy in eV; see SI for H-4 to 
L+4). Bottom: bar graph (blue) reporting their electronic transition positions vs f (oscillator strength). 
The black line is a spectrum where 1000 cm
-1
 is applied to each transition. The CH3 groups are used to 





Top: Distributions of the normalized fragment orbital contributions of the frontier MO’s for M1 
and M2. The major contributions are in bold. Bottom: Selected calculated positions of the pure 
electronic transitions, oscillator strengths (f), and major contributions.
a
 
M1 H-4 H-3 H-2 H-1 H L L+1 L+2 L+3 L+4 
C≡C-[Zn]-C≡C 1.00 0.39 0.19 1.00 0.72 0.07 0.01 0.80 1.00 0.52 
benzene-N-naphtoquinone 0.00 0.61 0.81 0.00 0.28 0.93 0.99 0.20 0.00 0.48 
M2           
C≡C-[Zn]-C≡C 0.76 0.99 0.99 1.00 0.88 0.40 0.05 0.48 1.00 0.19 
Anthraquinone 0.24 0.01 0.01 ~0.0 0.12 0.60 0.95 0.52 ~0.0 0.81 
a) The 100st transitions are placed in the SI. 
(nm) F Major contributions (%) for M1 
793.5 0.7098 HOMO→LUMO (97)  
768.0 0.0000 HOMO→L+1 (98)  
638.1 0.8064 HOMO→L+2 (90) 
610.5 0.0053 H-1→LUMO (32), H-1→L+2 (18), HOMO→L+3 (50) 
571.5 0.0000 H-1→L+1 (99) 
λ(nm) F Major contributions (%) for M2 
701.3 1.2960 HOMO→LUMO (96) 
622.9 0.0000 HOMO→L+1 (99) 
612.6 0.0161 H-1→LUMO (71), HOMO→L+3 (27) 
563.6 0.0257 H-1→L+3 (12), HOMO→L+2 (87) 
538.5 0.0000 H-1→L+1 (100) 
521.1 0.0812 H-1→LUMO (22), H-1→L+2 (46), HOMO→L+3 (32) 
 
The atomic orbital contributions of the HOMO is mainly composed of the C≡C-[Zn]-C≡C -system for 
both models with relative contributions of respectively 72 and 88 %, the remainder being localized on the 
quinone-systems. Conversely, the LUMO exhibits atomic orbital contributions located on the -systems 
of the quinones (93 and 60 % for M1 and M2, respectively). The remainder is located on the 
C≡C-[Zn]-C≡C -system. The HOMO→LUMO transitions are consistent with the expected CT processes 
C≡C-[Zn]-C≡C→A. The 40/60 % distribution for the C≡C-[Zn]-C≡C/ anthraquinone fragments makes 
this CT process rather moderate
 
compared to that for M1. TDDFT calculations (Table 4) place the pure 
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electronic transitions at 793.5 and 701.3 nm for M1 and M2, respectively, which compare reasonably with 












and is also consistent
 
with the observed absorptivity values,  (i.e. (M2)
 
>
  (M1), Table 2). A bar 
graph reporting f as a function of wavelength is shown in Figure 4 (bottom). By applying an arbitrary 
thickness of 1000 cm
-1
 to each transition, a spectrum is generated. A qualitative resemblance between 
the calculated and experimental spectra is
 
noted. The calculated upper
 
energy transitions produced by 










peaks in the region normally expected.
 
These transitions also exhibit
 
some modest 
mixing with CT contributions due to the presence of weak MO contributions of the acceptor quinone 
(see L+2 for M2 as an example) or the presence of many individual transitions mixed together in which 
one of them is a CT process (see entry at 612.6 nm for M2).  
 
Figure 5. Selected MOs for A-C≡C-[Zn]-C≡C-A-C≡C-[Zn]-C≡C-A models for P1, P2, P3 and P4 
(optimized geometry by DFT; H = HOMO, L = LUMO; energy in eV; see SI for H-4 to L+4).  
The representation of selected frontier MOs for A -C≡C-[Zn]-C≡C-A-C≡C-[Zn]-C≡C-A used as models 
for P1-P4, their normalized distributions of the fragment orbital contributions, selected calculated 
positions of the pure electronic transitions, oscillator strengths (f), and their major contributions are 
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provided in Figure 5 and Table 5, respectively. The C6H13 groups have been replaced by CH3 to 
minimize computer time.  
Table 5.
 
Top: normalized distributions of the fragment orbital contributions of the frontier MO’s for P1, 
P2, P3 and P4. The major contributions are in bold. Bottom: selected calculated positions of the pure 
electronic transitions, oscillator strengths (f), and major contributions.
a
 
            H-4 H-3 H-2 H-1 H L L+1 L+2 L+3 L+4 
           P1           
C≡C-[Zn]-C≡C 0.21 1.00 1.00 0.77 0.73 0.38 0.34 0.10 0.62 0.59 
iso-indigo 0.79 0.00 0.00 0.23 0.27 0.62 0.66 0.90 0.38 0.41 
          P2           
C≡C-[Zn]-C≡C 0.13 1.00 1.00 0.73 0.71 0.09 0.27 0.19 0.57 0.62 
-quinone 0.87 0.00 0.00 0.27 0.29 0.91 0.73 0.81 0.43 0.38 
          P3           
C≡C-[Zn]-C≡C 0.23 1.00 1.00 0.83 0.82 0.86 0.88 1.00 1.00 0.04 
Maleimide 0.77 0.00 0.00 0.17 0.18 0.14 0.12 0.00 0.00 0.96 
          P4           
C≡C-[Zn]-C≡C 1.00 1.00 1.00 0.89 0.87 0.36 0.43 0.07 0.45 0.56 
Anthraquinone 0.00 0.02 0.02 0.11 0.13 0.64 0.57 0.93 0.55 0.44 
a) The 100st transitions are placed in the SI. 
 (nm) F Major contributions (%)
b
 
P1 866.1 4.284 HOMO→LUMO (93) 
 746.1 0.0095 H-1→LUMO (83), HOMO→L+1 (14) 
P2 785.7 1.3331 H-1→LUMO (85), HOMO→LUMO (10) 
 773.6 0.0136 H-1→LUMO (10), HOMO→LUMO (86) 
P3 644.1 2.3127 H-1→LUMO (51), HOMO→L+1 (38) 
 635.5 0.0901 H-1→LUMO (35), HOMO→L+1 (51) 
P4 724.6 2.4902 H-1→LUMO (82), HOMO→L+1 (14) 
 706.2 0.0021 HOMO→LUMO (91) 
b) The bar graph reporting the position of the electronic transitions vs the oscillator strength (f) and line 
representing a spectrum where 1000 cm
-1
 is applied to each transition, are placed in the SI. 
The results can be divided into two groups: 1) P1, P2 and P4, and 2) P3. The former group exhibits 
obvious CT processes in the same manner described for M1 and M2, whereas the second one (P3) does 












nm is noted. For the first 
group (P1, P2 and P4), the CT processes are obvious, both experimentally and computationally. Again, 
this list contains a fully conjugated system (isoindigo; P1), an unconjugated system but conjugated to 
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the ketone (anthraquinone; P4), and a formally unconjugated system between the porphyrin 
chromophore and the quinone acceptor (-quinone; P2). These computations place the CT peaks 
(P1) >(P2) as experimentally observed, whereas (P4) is calculated at a lower position but is 
observed at a higher wavelength of(P1) and(P2). As the position of the CT band is found sensitive to 
the dihedral angle made by the average quinone plane vs that of the flanking benzenes (up to 35 nm; 
Table 2), and it is not clear whether this angle is the same for the experimental and the computations 
(even in a THF solvent field). No reliable explanation is available for this discrepancy. Nevertheless, the 
calculations corroborate well the presence of low-lying CT states.  
 
Emission properties. The M1, M2, P1, P2, P3 and P4 in 2MeTHF are emissive at 298 K (Figure 3; see 
Table 6 for the photophysical parameters).  
 
 
Figure 6. Top: time-resolved fluorescence spectra of M1 and M2 in THF at 298 K. Bottom: spectra of 
the different components with their lifetimes (Table 6) describing the spectral evolution. The component 
in red for M1 is a component providing a better fit. Note, the fluorescence intensity is not corrected for 




Table 6. Fluorescence parameters and closest lifetime components in the transient absorption spectra at 
298 K.  
 F    max (± 10 nm)  F (ps) closest lifetime component in the 
 (±10%)
a
  (exc = 400 nm)  transient absorption spectra (ps)
M1 0.013  690 7.7 ± 0.1 7.85 ± 0.02 
   760 35.3 ± 0.2  
M2 0.051  645 109 ± 1  
   665 708 ± 1 636 ± 3 
      
P1 0.014  755 (broad) 119 ± 1  
   780 750 ± 2 592 ± 5 
P2 0.005  750 (very broad) 77 ± 1 47 ± 1 
   750 (very broad) 765 ± 4  
P3 0.033  640 680 ± 20 366 ± 2 
   645 2500 ± 600  
      
P4 0.012  740 166 ± 1  
   765 688 ± 2 474 ± 6 
      
a) With respect to H2TPP (F = 0.11) in ref. 17. 
 




 M concentration range used (see 
below). The excitation spectra superpose well the absorption indicating that the emitting species are the 
same as the absorbing ones (i.e. no signal from possible impurities). The emission bands turned out to be 
particularly large for P1, P2 and P4 at 298 K. One reason stems from the presence of two emissions,
 
a 
blue- and red-shifted ones arising respectively
 







 This is particularly evident when comparing the spectra of M1 with that for P2, and M2 
with P4 (Figure 3). Indeed, the emission of the models M1 and M2 fall exactly at the same position of a 
low intensity shoulder on the blue side of the main band (at ~650 and ~700 nm for both P2 and P4, 
respectively).  
However, multiple emissions should not occur for monomeric models but it is seemingly the case for 
M2, which exhibits a strong narrow emission signal placed at higher energy that the low energy 
absorption. This observation is unusual but not without precedent for this class of compounds. Indeed 
for P5a and P5b, such a similar situation was observed where a fluorescence from the Q- (weaker in this 
case) and CT bands (stronger) were noted.
8e
 The new feature in M2 is that the high energy emission is 
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inexplicably more intense than that of the S1 CT luminescence. These two parameters, terminal and 
central chromophores, and the possibility of two states emitting from a same chromophore, indicate that 
these emissions are likely to exhibit multiple components. This is indeed the case (Table 6). In all cases, 
the lifetimes are in the ps or short ns time scales indicating that the emissions are fluorescence. This 
observation is also consistent with the strong spectral overlaps between the emission and absorption (i.e. 
small Stoke shifts). Two components are readily depicted in the time-resolved spectra where the high 
and low energy bands are short- and long-lived, respectively.  
The M1 and M2 models bare only one C6H4C≡C-[Zn]-C≡CC6H4 unit and their dual emissions are 
unambigeously not related to terminal vs central units. For comparison purposes, the reported absorption 
(669 nm) and fluorescence (678 nm) 0-0 peaks and fluorescence lifetime, F (2.04 ns), for 
Me2NC6H4C≡C-[Zn]-C≡CC6H4NMe2 (with di-ortho substituted aryls at the meso-positions) in THF, are 
considered.
45
 On this basis, the fluorescence position at 690 nm for M1 is strongly reminescent of the S1 
* for this chromophore and the longer wavelength band at 760 nm is an emission arising from the CT 
state. Unsurprisingly, the ultrafast  F for the high energy fluorescence (7.7 ps) is associated with a very 
efficient non-radiative relaxation down to the S1 CT state. The latter state also emits with an ultrafast  
kinetic (~35 ps).  
M2 exhibits two very closely located fluorescence bands (645 and 665 nm) and cannot be respectively 
attributed to S1 * and CT emissions as this was the case for M1. The lowest energy excited state in 
M2 is a moderate CT state (significantly mixed with * contribution of C≡C-[Zn]-C≡C unit; see DFT 















P NMR in this case.
6 
Unfortunately, 




C NMR nor separated by colomn 
chromatography. The F values of P4 (77 and 765 ps) are in the same order of magnitude (109 and 708 
ps) but could not be specifically assigned. The time-resolved fluorescence spectra of the polymers 




Figure 7. Left: Time-resolved fluorescence spectra of P1, P2, P3 and P4 in THF at 298 K. Right: 
spectra of the different components with their decay times (reported in Table 6) describing the spectra on 
the left. Note, the fluorescence intensity is not corrected for the detector response. 
For the formally unconjugated P3 polymer, the nature of the S1 excited state is again a * state 
localized in the C≡C-[Zn]-C≡C chromophore (Table 5). The time-resolved spectra exhibit two species 
with narrow peaks at 640 (F = 680 ps) and 645 nm (F = 2.5 ns). These species are easily identified as 
the less extended -conjugated terminal (C≡C-[Zn]-Br) and the more -conjugated central 
(C≡C-[Zn]-C≡C) groups, which stem from the reaction 6 + 7 → P3 in 1:1 stoichiometry (Scheme 1). 
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commonly encountered S1 energy transfer (terminal* → central)
44,46
 is strongly considered. In such a 
case, the rate for energy transfer, ket, is given by kET = (1/F) – (1/F°) where F and F° are the 
fluorescence lifetime of the energy donor in the presence (here terminal) and absence of an energy 
acceptor (central unit is appropriate).
47








The time-resolved fluorescence spectra for P1, P2 and P4 are expectedly broad as deduced from Figure 
3, well extending in the near-IR region. The F values vary from 77 to 765 ps, a range similar to that 
found in the model compounds. Because the fluorescence maxima of most components are > 700 nm (i.e. 
more red-shifted than the 0-0 peak of the Q-band), it is easy to deduce that the nature of these emissive 
states is CT. Consequently, their origin is again the shorter-lived terminal unit, which is generally 
blue-shifted, and central units (generally red-shifted), with P2 being the exception where both bands lye 
nearly on top of each other. Using the same approach mentioned above, the kET values extracted for P1, 
P2 and P4 are respectively ~7.1 x 10
9
, ~12 x 10
9




. The overall fluorescence intensity is 
modest but typical for the [Zn] chromophore (see tetra(meso-aryl)porphyrinzinc(II), ZnTPP, for example, 
F = 0.03; F = 2.8 ns).
17
 However, no phosphorescence was observed at all. fs transient absorption 
spectroscopy was used to shine light on this phenomenon. 
Femptosecond transient absorption spectroscopy. Prior to present the transient data, one comment is 




 covalently attached to a porphyrin macrocycle is well 
documented in the literature where photo-induced electron transfers are reported and supported by 
various techniques. In all these literature cases, the linkage between the electron donor and acceptor is 
clearly unconjugated or exhibits a drastic torsion angle preventing efficient conjugation. More diagnostic, 
in these reported spectra, no band exceeding 650 nm was observed (i.e. no CT band). Based on the DFT 
computations above, as the CT excited state already exhibits significant electronic density on the 
acceptor moieties (here quinone (P2) and anthraquinone (P4); see Table 5), then photo-induced electron 
transfer from the excited porphyrin to quinone and anthraquinone is clearly unlikely. Furthermore, no 
oxidation wave attributable to C≡C-[Zn]-C≡C within the 0 to + 1.4 V SCE window was detected. This 
observation suggests that oxidation of this unit must occur at a more positive potential (i.e. > +1.4 V) 




The fs transient absorption spectra are provided in Figures 8 (M1 and M2) and 9 (P1-P4). Using exc = 





 * porphyrin manifold is populated allowing to monitor 






















(see DFT computations below). The positive and negative signals are respectively the 







the delay line). These spectra were deconvoluted to extract each component along with their 
relaxation lifetimes (Table 7). The results turned out to be rather complex but particularly informative. 





which occurs in the ps to tens of ps.
51 
Such interactions 








Time evolution of the
 




2MeTHF at 298 K, exc 
= 650 nm, pulse width = 81 and 127 fs, respectively. Bottom: individual components describing the time 










Time evolution of the
 
transient absorption spectra of P1-P4 in degassed solution of
 
2MeTHF at 298 K, exc = 650 nm, pulse width = 127, 153, 115 and 143 fs, respectively. Right: individual 
components describing the time evolution. Note that the components > 8.6 ns are not accurate because 
of the limitation of the delay line. 
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First, any species with lifetimes larger than their corresponding fluorescence lifetimes extracted from the 
Streak camera data are unquestionably T1 species (T1 ~> S0). These lifetimes are 2.32 ± 0.06 (M1), 68 ± 
1 (M2), 22.1 ± 0.2 (P1), 8.0 ± 0.2 (P2), 87 ± 1 (P3) and 34 ± 2 ns (and maybe 1.89 ± 0.05 and 1.14 ± 
0.01 ns) (P4). Qualitatively based on data of Tables 6 and 7, the short triplet lifetimes are also often 
associated with short F and vice versa. Noteworthy, these triplet lifetimes are particularly fast in 
comparison with those reported for common porphyrin free bases and metalloporphyrins (generally 
ms).
48
 This result explains well why no phosphorescence has been observed for all materials investigated. 
Although two components were depicted in the fluorescence spectra associated with terminal and central 
units, only one component is noted for the triplet species (note that two other components at 1.89 ± 0.05 
and 1.14 ± 0.01 ns are observed but their identity is uncertain). This result indicates that the 
non-radiative relaxation Tn ~> T1 and Tn ~> S0 are also very fast. 




other components (ps) 
closest components  
to F’s (ps) 
triplet components (ns) 
M1 85 ± 1, 793 ± 5 1.80 ± 0.04 ± 0.02 2.32 ± 0.06 
M2 1280 ± 10 46.7 ± 0.5 636 ± 3 68 ± 1 
P1 596 ± 5 48.9 ± 0.7 592 ± 5 22.1 ± 0.2 
P2 109 ± 4 4.48 ± 0.04 47 ± 1 8.0 ± 0.2 
P3 1290 ± 10 24.9 ± 0.01 366 ± 2 87 ± 1 











The best fits provide 4 to 6 components (P4 has 6). After identifying the triplet species, the remainders 
are the singlet ones, which relax from 85 fs to several hundreds of ps. In many cases, it was possible to 
“match” the closest transient lifetime component with a fluorescence one (Table 6), hence helping the 
identification. The non-exact “match” stems from the large number of components needed to describe 




and the bi-exponential nature of the fluorescence. The shortest 
components range from ~0.09 to 1.29 ps (M1, 0.09 and 0.79; M2, 1.28; P1, 0.60; P2, 0.11, P3, 1.29; P4, 
0.57 ps)  and are reasonably assigned to Sn (most likely S2 in this work) species (excited in the 0-0 peak 
of the Q-band), which rapidly relax to S1 (Sn ~> S1(CT)) or Tn (Tn ~> T1(CT); this latter assignment for 
T1(CT) is based on DFT computations provided below). Figure 10 summarizes the energy diagram and 
the transient lifetimes applied to the push-pull polymers P1, P2 and P3. Finally, the last component 
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listed as M1, 1.8, M2, 46.7, P1, 48.9, P2, 4.5, P3, 24.9, and P4, 7.0 ps, are likely solvent-induced 
vibrational relaxation of the Sn population containing
 the C≡C-[Zn]-C≡C chromophore as the time scale 




Figure 10. Energy diagram for P1, P2 and P4 along with their deactivation time scales. In this diagram, 
the manifold associated with terminal and central units are neglected for sake of simplicity. Note that the 
position of the Tn manifold is not known and that the straight arrow is fluorescence and the wave arrows 
indicate non-radiative processes. 
The key conclusion of the fs transient absorption measurements is that the low fluorescence intensity 
and absence of phosphorescence are mostly due to the particularly fast non-radiative deactivation 
kinetics (mostly ~100 fs to several hundred of ps). The relaxation of the triplet species (T1 ~> S0; 2 < T1 
< 87 ns) is a clear evidence for this phenomenon. 
Aggregation of the polymers and solid state. The absorption and emission spectra of P2 and P4 were 
investigated in the solid state (Figure 11) and both series exhibit broad and significantly red-shifted 
signals with respect to solution. In order to shine light on this phenomenon, the polymers were 








 M, in 2MeTHF; for 





Figure 11. Fluorescence spectra of P2 and P4 in 2MeTHF at 298 (top) and 77 K (middle) as a function 
of concentration. Bottom; absorption (black) at 298 K and emission (various color) spectra as a function 
of temperature of P2 and P4 in the solid state. The emission intensity has been normalized for 
convenience. 
At lower concentrations, the fluorescence bands are blue-shifted and of medium intensity. This lower 
intensity is expected from the lower optical density. Upon increasing the concentration (10
-5
 M), the 
intensity increases but new features start appearing on the red side of the spectrum (see P2 and P4 for a 
notable examples). Upon further increase of the concentration (10
-4
 M), the shifting of the fluorescence 
band to the red side continues but the intensity decreases also. This decrease is due a combination of an 
optical density issue (too opaque for the incident and emitted light to go through the sample) and lower 
quantum efficiencies in the high concentration state. The second effect is easily verified from the 
 142 
 
expected decrease in emission lifetimes (as demonstrated below for P1-P4). The red-shifting upon 
cooling and increasing the concentration is typical for an aggregation phenomenon. In the solid state, 
both P2 and P4 exhibit maxima around 980 nm and the total intensity increases upon cooling from 298 
to 80 K. The normalization of the spectra allows for the detection of a small variation of the intensity at 
900 nm. The polymers have been investigated at 77 K where aggregation takes place (Figure 12 and 
Table 8). Again, the maxima have shifted to the red and the time-resolved spectra also indicate shorter 
multiple components (at least 2 or 3).  
For the polymers, the F data are systematically shorter, which is consistent with the observed decrease 
in fluorescence intensity upon aggregation. For comparison purposes the model compounds M1 and M2 
were investigated as well. The concentration and temperature effects on the spectra (band shapes and 
positions) are more modest (see SI). The F’s data for M1 increase drastically whereas those for M2 
remains within the same order of magnitude. It is concluded that aggregation is possible for these 
mono-porphyrin units but the larger size of the polymers in comparison with the model compounds 
leads to more non-radiative deactivation pathways. 
     Table 8. Emission wavelength and lifetimes at 77 K (i.e. aggregation state).  
 abs (nm), 2MeTHF max (± 5 nm)
a
 F (ps) 
M1 452, 658, 744 785 114 ± 1 
  830 577 ± 1 
M2 454, 584, 672 735 19.8 ± 0.3 
  755 101 ± 1 
  770 647 ± 5 
P1 430, 485, 755 810 (very broad) 13.9 ± 0.4 
  860 74 ± 1 
P2 456, 668, 750 770 (broad) 15.4 ± 0.4 
  840 67.4 ± 0.9 
P3 
452, 664 
690 181 ± 1 
  700 53.5 ± 0.5 
  700 820 ± 4 
P4 454, 706, 786 820 10.5 ± 0.4 
  860 47.9 ± 0.5 
  875 201 ± 2 






Figure 12. Absorption (black), excitation (blue) and fluorescence (red) spectra of M1, M2, and P1-P4 in 
2MeTHF at 77 K. 
 
Triplet state. The measurements of the fluorescence lifetimes of all materials in solution provided no 
evidence for long components suggesting the presence of phosphorescence. DFT was used to predict 
their positions by calculating the difference between the total energy of the ground and lowest energy 
triplet excited states (Table 9). Moreover the nature of the lowest and highest semi-occupied molecular 





Figure 13. MO representations of LSOMO and HSOMO for P1, P2, P3 and P4. See SI for M1 and M2. 
The description of the triplet state T1 can be reasonably made on the basis of the atomic contributions of 
the LSOMO and HSOMO. Assuming that the MOs generating the S1 state, which are mainly HOMO 
and LUMO based on the data in Table 5, then it is reasonably expected a similarity between LSOMO 
and HOMO and HSOMO and LUMO. Indeed, the calculated LSOMO and HSOMO representations are 
reminiscent to those corresponding HOMO and LUMO, respectively.  
Table 9. Predicted position (from DFT computations) of the phosphorescence 0-0 peaks.    
 
Compound 
T1-S0 energy gap calculated T1→S0 wavelength 
(nm) Hartree eV 
P1 model 0.03313 0.90 1378 
M1 0.04410 1.20 1033 
P2 model 0.03511 0.96 1292 
P3 model 0.04595 1.25   992 
M2 0.04482 1.22 1016 






Four new push-pull polymers of the general formula (C≡C-[Zn]-C≡C-A)n all exhibiting a S1 CT excited 
state at various extents with very different structural features, notably a fully conjugated polymer (P1), a 
formally non-conjugated but exhibit strong electronic communication accross the chain (P2), a formally 
non-conjugated material but local conjugation between the donor and acceptor occurs (P4), and one 
bearing a weak acceptor and used for comparison (P3), have been reported. The three former polymers 
are near-IR emitters with max > 750 nm. Theses polymers appear as oligomers providing the 
opportunity to investigate the photophysical properties of the terminal unit as they act as antenna to the 
central core of the polymer chain, thus exhibiting a dual fluorescence arising from the terminal to the 
central units. Both, the emission intensities and lifetimes are respectively weak and short-lived, smaller 
than what is expected for the common ZnTPP. The fluorescence and fs transient absorption spectra 
kinetics indicate that the S1(CT) (from 77 to 765 ps; fluorescence decays and from 47 to 592 ps; 
transient absorption) and the non-emissive T1(CT)  (from 8 to 34 ns; transient absorption) states are 








Tn(*),T1(CT)). Upon increasing the concentration or by cooling the solution, new red-shifted bands 
appear in the spectra, which witness the presence of an aggregation phenomenon. The overall 
fluorescence intensity decreases as well as the fluorescence lifetimes. In the solid state, the emission 
maximum shift all the way to 980 nm, representing a red-shift of more than 200 nm in comparison with 
the maxima observed in solution at 298 K under dilute conditions. Finally, DFT computations predict 
that the T1 manifold should be found between 1000 and 1400 nm.  
All in all, the investigation of these push-pull polymers indicates the presence of rather complex 
processes, which in these cases, are ultrafast. The next question is within the bulk heterojunction solar 
cells built upon push-pull conjugated polymers such as those or others, are the rates for the migration of 
the excitation energy (from the center of the bulk to the interface with the electron acceptor; often 
PCBM, phenyl-C61-butyric acid methyl ester) and the excited state lifetimes of the electron donors 
within the polymers long enough to efficiently inject electron into the PCBM-containing phase? This 
work indirectly demonstrates that these kinetic parameters must clearly play in the magnitude of the 
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Table S1. Data collection and structure refinement for the 10a and 10b crystals. 
Identification code 10a 10b 
Chemical formula C28 H30 N2 O2 Si2 C28H28I2N2O6 
Formula weight 482.72 742.32 
Temperature 293(2) K 173(2) K 
Wavelength 1.54176 Å 0.71073 Å 
Crystal size 0.40 x 0.25 x 0.02 mm3 0.030 x 0.360 x 0.670 mm 
Crystal system Monoclinic Triclinic 
Space group P21/a P 1 
Unit cell dimensions 
a = 10.236(7) Å 
α= 90° 
b = 7.223(3) Å 
β=100.23(5)° 
c = 19.921(11) Å 
γ = 90° 
a = 6.1385(11) Å 
α = 88.849(5)° 
b = 9.4691(17) Å 
β = 88.489(5)° 
c = 25.004(5) Å 




1449.5(14) Å3 1435.2(4) Å3 
Z 2 2 
Density (calculated) 1.106 Mg/m3 1.718 g/cm
3
 
Absorption coefficient 1.301 mm-1 2.234 mm
-1
 
F(000) 512 728 
Theta range for data collection 4.51 to 69.99°. 1.63 to 26.57° 
Index ranges -12<=h<=12, 0<=k<=8, 0<=l<=24 -6<=h<=7, -11<=k<=11, 
-25<=l<=31 
Reflections collected 2617 6907 
Absorption correction Psi-Scan multi-scan 
Max. and min. transmission 0.9744 and 0.6241 0.9363 and 0.3174 
Refinement method Full-matrix least-squares on F
2
 Full-matrix least-squares on F2 
Data / restraints / parameters 2617 / 0 / 154 6907 / 3 / 326 
Goodness-of-fit on F
2
 0.742 1.130 
Final R indices [I>2sigma(I)] R1 = 0.0854, wR2 = 0.0938 R1 = 0.0898, wR2 = 0.2387 
R indices (all data) R1 = 0.4260, wR2 = 0.1447 R1 = 0.0912, wR2 = 0.2396 
Largest diff. peak and hole 0.141 and -0.155 e.Å
-3









Figure S3. Numbering of the selected atoms used in Table S2 (top 10a, bottom 10b). 
Table S2.  Selected distances and bond angles of 10a and 10b. 
Compd. Bond angles ( ⁰ ) Distances (Å) 
10a 132.7(7) (C9-N1-C12) 1.410(7) (N1-C9) 
1.369(7) (N1-C12) 
10b 119.4(18)  (C4-N1-C7) 
124.6(16) (C4-N1-C19) 
114.3(16)  (C7-N1-C19) 
118.9(18)  (C1-N2-C13) 
122.0(16) (C1-N2-C24) 
118.6(17)  (C13-N2-C24 
127.1(16)  (C30-N3-C48) 
118.4(17) (C30-N3-C36) 
112.5(17)  (C48-N3-C36) 
117.7(17)  (C33-N4-C42) 
124.1(16) (C33-N4-C53) 















Table S3. Absorption data for 3, 9b, 10a, 10b, and 11. 
 









277 (20300), 386 (15700), 520 (1300) 
270 (26300), 367 (23100), 520 (1300) 
254 (20900), 351 (4900), 520 (900) 











H-4   (-5.61045) 
 
H-3   (-5.49453) 
 
H-2   (-5.49425) 
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L+1   (-3.05475) 
 
L+2   (-2.92958) 
 
L+3   (-2.61257) 
 
L+4   (-2.48086)










Table S4. Computed positions of the electronic transitions, oscillator strength (f), and major 
contributions of the P1 model. 
λ(nm) f Major contributions (%) 
866.1 4.284 HOMO→LUMO (93) 
746.1 0.0095 H-1→LUMO (83), HOMO→L+1 (14) 
715.9 0.0035 H-1→LUMO (15), HOMO→L+1 (78) 
678.0 0.3963 H-1→L+1 (34), HOMO→L+2 (63) 
649.9 0.2281 H-1→L+1 (59), HOMO→L+2 (34) 
631.9 0.0063 H-3→LUMO (49), H-2→LUMO (15), HOMO→L+5 (16) 
631.6 0.0079 H-3→LUMO (15), H-2→LUMO (49), H-1→L+6 (10), HOMO→L+6 (16) 
615.3 0.0042 H-1→L+2 (91) 
589.9 0.0072 H-4→LUMO (84) 
582.8 0.0001 HOMO→L+3 (80) 
568.7 0.0038 H-3→LUMO (26), H-3→L+1 (14), H-3→L+2 (13), H-2→L+1 (26), HOMO→L+5 (10) 
568.7 0.0207 H-3→L+1 (26), H-2→LUMO (26), H-2→L+1 (14), H-2→L+2 (13), HOMO→L+6 (10) 
562.9 0.013 H-1→L+3 (32), HOMO→L+4 (50) 
561.2 0.0311 H-6→L+1 (10), H-5→LUMO (44), H-4→L+1 (24) 
550.5 0.1643 H-6→LUMO (36), H-5→L+1 (24), H-4→L+2 (14) 
535.7 0.0029 H-13→LUMO (20), H-11→LUMO (19), H-7→LUMO (15), H-5→LUMO (12), H-4→L+1 (10) 
530.5 0.0569 H-3→L+2 (26), HOMO→L+5 (26) 
530.3 0.1649 H-2→L+2 (26), HOMO→L+6 (26) 
529.0 0.0045 H-1→L+3 (54), HOMO→L+4 (41) 
524.2 0.0025 H-8→L+1 (19), H-7→LUMO (16), H-7→L+2 (14), H-4→L+1 (24) 
521.1 0.0583 H-8→LUMO (22), H-8→L+2 (11), H-7→L+1 (26) 
517.6 0.0002 H-13→LUMO (11), H-11→LUMO (11), H-5→LUMO (25), H-4→L+1 (20), H-1→L+4 (12) 
514.4 0.0259 H-3→L+1 (22), H-3→L+2 (46), H-2→L+1 (11), H-2→L+2 (10) 
514.2 0.0367 H-3→L+1 (11), H-3→L+2 (10), H-2→L+1 (22), H-2→L+2 (46) 
510.4 0.0007 H-1→L+4 (67), HOMO→L+3 (10) 
507.5 0.0371 H-6→LUMO (42), H-5→L+1 (17), H-4→L+2 (19) 
497.5 0.0031 H-1→L+6 (61), HOMO→L+6 (28) 
497.0 0.0027 H-1→L+5 (63), HOMO→L+5 (26) 
489.2 0.0174 H-5→L+1 (25), H-4→L+2 (48) 
486.5 0.0081 H-6→L+1 (25), H-5→L+2 (23), H-4→L+1 (12) 
483.3 0.0005 H-9→LUMO (63), H-8→LUMO (12) 
482.6 0.0027 H-10→LUMO (59), H-7→LUMO (12) 
477.2 0.2441 H-12→LUMO (61), H-8→LUMO (11) 
476.5 0.0001 H-13→LUMO (31), H-11→LUMO (43) 
465.8 0.1132 H-14→LUMO (25), H-8→LUMO (10), H-5→L+1 (10) 
463.9 0.0012 H-6→L+1 (38), H-5→L+2 (36) 
457.9 1.1016 H-8→LUMO (18), H-6→L+2 (23) 
456.1 0.0015 H-8→L+1 (11), H-7→LUMO (44) 
453.5 1.2186 H-12→LUMO (12), H-8→LUMO (18) 
448.8 0.0001 H-5→L+2 (11), H-4→L+3 (20) 
445.1 0.0702 H-3→L+3 (19), H-2→L+3 (54) 
444.9 0.6476 H-3→L+3 (50), H-2→L+3 (17) 
443.8 0.0025 H-4→L+3 (61) 
441.8 0.0719 H-9→L+1 (30), H-7→L+1 (12), H-6→L+2 (14) 
441.0 0.0015 H-10→L+1 (47), H-10→L+2 (11), H-9→L+1 (12) 




436.7 0.0122 H-11→L+1 (62), H-6→L+2 (11) 
435.9 0.0015 H-12→L+1 (35) 
432.2 0.3633 H-3→L+4 (30), H-2→L+4 (27) 
432.0 0.1365 H-3→L+4 (34), H-2→L+4 (30) 
431.0 0.1878 H-16→LUMO (13), H-5→L+3 (13), H-4→L+4 (28) 
430.6 0.0545 H-17→LUMO (10), H-16→LUMO (11), H-15→LUMO (27) 
430.0 0.008 H-13→L+1 (48) 
429.2 0.0646 H-17→LUMO (17), H-16→LUMO (41) 
428.0 0.0017 H-19→LUMO (17), H-17→LUMO (21) 
425.4 0.0145 H-19→LUMO (27), H-17→LUMO (18) 
424.6 0.0271 H-19→LUMO (10), H-18→LUMO (32), H-4→L+6 (14) 
424.2 0.0259 H-4→L+5 (52), H-4→L+6 (10) 
423.9 0.0944 H-4→L+6 (47) 
422.6 0.0002 H-19→LUMO (20), H-11→L+2 (10), H-7→L+2 (23) 
419.4 0.0003 H-3→L+5 (26), H-2→L+5 (74) 
419.4 0.0002 H-3→L+6 (74), H-2→L+6 (25) 
418.8 0.0011 H-8→L+2 (50), H-7→L+1 (22) 
418.0 0.0007 H-11→L+2 (36), H-8→L+1 (22), H-7→L+2 (16) 
416.8 0.1076 H-20→LUMO (12), H-5→L+3 (35), H-4→L+4 (24) 
415.9 0.0021 H-9→L+1 (15), H-9→L+2 (74) 
415.8 0.0012 H-10→L+1 (13), H-10→L+2 (73) 
411.2 0.0265 H-23→L+1 (12), H-22→LUMO (47) 
410.9 0.0004 H-23→LUMO (49), H-22→L+1 (11) 
409.2 0.0025 H-6→L+3 (24), H-5→L+4 (10) 
408.7 0.0005 H-13→L+1 (10), H-12→L+2 (58) 
408.6 0.0007 H-13→L+2 (46), H-12→L+1 (13), H-12→L+2 (10), H-11→L+2 (13) 
406.0 0.1573 no major contribution 
403.7 0.0005 H-14→L+1 (14), H-6→L+3 (25) 
402.0 0.0487 H-24→LUMO (12), H-20→LUMO (22), H-15→L+1 (14) 
400.0 0.0043 H-21→LUMO (18), H-14→L+1 (29) 
397.9 0.4814 H-6→L+5 (13), H-5→L+5 (24) 
397.5 0.0431 H-6→L+3 (25), H-5→L+4 (28), H-5→L+6 (10) 
397.2 0.0059 H-24→LUMO (18), H-21→L+1 (11), H-15→L+1 (20) 
396.9 0.0265 H-5→L+4 (30), H-5→L+6 (15) 
395.8 0.0008 H-16→L+1 (52) 
395.0 0.0006 H-17→L+1 (44) 
394.2 0.0002 H-18→L+1 (39), H-17→L+1 (12) 
393.0 0.0056 H-10→L+6 (16), H-9→L+5 (55) 
392.8 0.0014 H-10→L+6 (50), H-9→L+5 (16) 
391.8 0.009 H-19→L+1 (53) 
391.0 0.0027 H-26→LUMO (12), H-25→LUMO (10), H-7→L+3 (11), H-6→L+4 (22) 
390.4 0.0025 H-28→LUMO (11), H-27→LUMO (16), H-26→LUMO (12), H-25→LUMO (31) 
390.3 0.0284 H-28→LUMO (10), H-26→LUMO (14), H-7→L+3 (24) 
389.9 0.0053 H-9→L+3 (11), H-8→L+3 (17) 
389.5 0.0059 H-11→L+3 (14), H-8→L+3 (20) 
388.5 0.0004 H-10→L+3 (15), H-9→L+3 (13), H-8→L+3 (23) 
388.5 0.0038 H-10→L+3 (16), H-9→L+3 (13), H-7→L+3 (11) 
387.9 0.0004 H-28→LUMO (20), H-27→LUMO (13), H-25→LUMO (10) 
387.7 0.0014 H-28→LUMO (13), H-27→LUMO (16), H-10→L+3 (12) 
385.3 0.0287 H-11→L+6 (12), H-5→L+6 (27) 




384.2 0.0001 H-21→LUMO (27), H-20→L+1 (11) 
383.9 0.0084 H-15→L+1 (10), H-14→L+2 (26), H-11→L+3 (18) 
381.6 0.0524 H-24→LUMO (12), H-14→L+2 (18), H-11→L+3 (11), H-6→L+4 (15) 
 
 
Figure S6. Bar graph (blue) reporting the position of the electronic transitions vs the oscillator strength 
(f) for P1 model. The black line represents a spectrum where 1000 cm
-1
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HSOMO   (-3.67925) 
  
LSOMO   (-5.10703) 
       Figure S8. Representation of the HSOMO and LSOMO of M1. The MO energies are in eV. 
 
 Table S5. Computed positions of the electronic transitions, oscillator strength (f), and major 
contributions of the M1. 
λ(nm) f Major contributions (%) 
793.5 0.7098 HOMO→LUMO (97) 
768.0 0 HOMO→L+1 (98) 
638.1 0.8064 HOMO→L+2 (90) 
610.5 0.0053 H-1→LUMO (32), H-1→L+2 (18), HOMO→L+3 (50) 
571.5 0 H-1→L+1 (99) 
570.8 0 H-3→L+1 (11), H-2→LUMO (83) 
565.9 0.033 H-1→LUMO (67), H-1→L+2 (15), HOMO→L+3 (17) 
561.3 0.0977 H-3→LUMO (14), H-2→L+1 (78) 
484.7 0.1518 H-3→LUMO (71), H-2→L+1 (17) 
478.6 0.0001 H-3→L+1 (51), H-2→L+2 (36) 
471.7 0 H-3→L+1 (29), H-2→L+2 (63) 
456.0 0.826 H-1→L+2 (55), HOMO→L+3 (27) 
453.1 0.0041 H-4→LUMO (93) 
452.6 1.1733 H-3→L+2 (31), H-1→L+3 (46) 
444.5 0.1196 H-5→LUMO (73) 
443.5 0.0044 H-14→LUMO (11), H-13→LUMO (30), H-13→L+1 (41) 
443.3 0.004 H-4→L+1 (80) 
443.2 0.0038 H-14→LUMO (27), H-14→L+1 (32), H-4→L+1 (18) 
436.5 0 H-5→L+1 (91) 
430.8 0 H-2→L+3 (96) 
415.9 0.1747 H-5→L+2 (34), H-3→L+2 (39), H-1→L+3 (13) 
415.8 0.0011 H-4→L+2 (92) 
408.0 0.0005 H-8→LUMO (11), H-6→LUMO (36) 




404.8 0.0001 H-8→LUMO (11), H-6→LUMO (55) 
398.9 0.103 H-7→LUMO (10), H-5→L+2 (36) 
397.9 0.034 H-7→LUMO (17), H-6→L+1 (30) 
397.2 0.0022 H-7→LUMO (22), H-6→L+1 (63) 
393.3 0.0445 H-9→LUMO (25), H-9→L+2 (41), H-3→L+3 (18) 
392.2 0 H-7→L+1 (28), H-4→L+3 (18), HOMO→L+4 (42) 
391.3 0.0005 H-7→L+1 (49), H-4→L+3 (26), HOMO→L+4 (13) 
389.3 0.4088 H-5→L+2 (13), H-3→L+3 (35) 
388.5 0.0006 H-4→L+3 (52), HOMO→L+4 (35) 
384.7 0.0002 H-27→LUMO (10), H-8→LUMO (53) 
380.3 0.0157 H-27→L+1 (10), H-8→L+1 (63) 
376.4 0.0009 H-6→L+2 (85) 
373.5 0.1025 H-10→LUMO (39), H-10→L+2 (21), H-5→L+3 (25) 
371.4 0.0859 H-7→L+2 (48), H-5→L+3 (14) 
370.7 0.0158 H-11→LUMO (51), H-11→L+2 (23) 
367.0 0.2066 H-10→LUMO (25), H-7→L+2 (31), H-5→L+3 (20) 
364.0 0.0001 H-9→L+1 (67), H-8→L+2 (15) 
362.7 0.0003 H-12→LUMO (14), H-9→L+1 (32), H-8→L+2 (35) 
358.7 0.0248 H-9→L+3 (90) 
358.7 0.0042 H-9→LUMO (59), H-9→L+2 (37) 
357.6 0.0001 H-10→L+1 (88) 
355.7 0.0078 H-11→L+1 (88) 
354.6 0.0012 H-6→L+3 (94) 
351.3 0.0177 H-12→L+1 (27), HOMO→L+5 (33) 
350.0 0.0002 H-12→LUMO (42), H-8→L+2 (29) 
349.1 0.052 H-12→L+1 (13), H-10→L+2 (12), H-7→L+3 (27), HOMO→L+5 (18) 
347.5 0.0059 H-12→L+1 (10), H-10→LUMO (12), H-10→L+2 (23), HOMO→L+5 (32) 
347.3 0.0001 H-11→LUMO (35), H-11→L+2 (49) 
346.5 0 HOMO→L+6 (80) 
345.1 0.0461 H-10→L+2 (26), H-7→L+3 (44) 
343.6 0.0297 H-21→LUMO (17), H-18→LUMO (26), H-17→L+1 (28) 
343.4 0.0008 H-21→L+1 (11), H-18→L+1 (25), H-17→LUMO (34) 
341.7 0.0015 H-21→L+1 (21), H-19→LUMO (24), H-18→L+1 (11) 
341.4 0.1484 H-21→LUMO (20), H-19→L+1 (17), H-18→LUMO (15) 
335.7 0.0001 H-1→L+4 (93) 
335.6 0.0562 H-16→L+2 (10), H-15→LUMO (35), H-10→L+3 (23) 
334.2 0.0001 H-15→L+1 (15), H-12→L+2 (14), H-8→L+3 (15) 
334.0 0.0001 H-8→L+3 (62) 
332.4 0.0379 H-16→LUMO (17), H-15→LUMO (15), H-12→L+1 (33) 
328.0 0.0002 H-15→L+1 (13), H-12→LUMO (10), H-12→L+2 (27), H-11→L+3 (33) 
327.9 0.0323 H-16→LUMO (24), H-15→LUMO (10), H-10→L+3 (52) 
324.3 0.0661 HOMO→L+7 (71) 
323.7 0 H-16→L+1 (32), H-15→L+1 (34), H-11→L+3 (23) 
321.5 0 H-16→L+1 (19), H-12→L+2 (32), H-11→L+3 (32) 
319.8 0.0014 H-13→LUMO (43), H-13→L+1 (38) 
319.5 0.0021 H-14→LUMO (40), H-14→L+1 (41) 
318.2 0.2709 H-2→L+4 (76) 
315.4 0.0905 H-24→LUMO (16), H-23→L+1 (18), H-16→L+2 (12), H-15→LUMO (16) 
314.8 0.0002 H-23→LUMO (12), H-16→L+1 (11), HOMO→L+8 (43) 
314.5 0.007 H-25→LUMO (38), H-25→L+2 (23) 




314.0 0.0003 H-26→LUMO (16), H-26→L+2 (10), H-23→LUMO (12), HOMO→L+8 (22) 
312.8 0.0014 H-16→LUMO (16), H-16→L+2 (23), H-15→L+2 (21) 
310.7 0.0001 H-20→LUMO (60), H-19→LUMO (17) 
309.4 0.0079 H-18→LUMO (31), H-17→L+1 (30) 
309.0 0.0006 H-22→LUMO (47), H-18→L+1 (17), H-17→LUMO (14) 
308.9 0.0007 H-22→LUMO (32), H-18→L+1 (26), H-17→LUMO (18) 
306.7 0 H-21→L+1 (11), H-20→L+1 (65), H-19→L+1 (17) 
306.3 0.0001 H-12→L+3 (79), H-8→L+3 (10) 
305.1 0.0006 H-22→L+1 (85) 
305.0 0.0044 H-16→L+2 (17), H-15→L+2 (19), H-13→L+2 (18) 
302.6 0.0001 H-21→L+1 (17), H-19→LUMO (33), H-19→L+1 (20) 
302.3 0.0005 H-21→LUMO (33), H-21→L+1 (10), H-20→L+1 (13), H-19→L+1 (19) 
302.0 0 H-21→L+1 (14), H-14→L+2 (29) 
301.9 0.0026 H-1→L+5 (82) 
300.7 0.0011 H-26→L+1 (34), H-25→L+2 (26), H-13→L+2 (13) 
300.6 0.0008 H-26→L+2 (36), H-25→L+1 (50) 
300.3 0.0011 H-15→L+2 (11), H-13→L+2 (24), H-3→L+4 (12), H-2→L+5 (18) 
300.2 0.0011 H-14→L+2 (14), H-3→L+4 (18), H-2→L+5 (23) 
298.4 0.1178 H-16→L+3 (46), H-15→L+3 (35), H-1→L+5 (12) 
298.4 0.0024 H-17→L+2 (24), H-14→L+2 (31), HOMO→L+10 (23) 
298.1 0.0012 H-1→L+6 (93) 
297.7 0.0506 H-18→L+2 (27), H-13→L+2 (15), HOMO→L+9 (29) 
293.9 0.1712 H-3→L+5 (10), H-2→L+6 (70) 
293.1 0.0002 H-3→L+4 (49), H-2→L+5 (23) 
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Figure S9. Representations of the frontier MO’s of P2 model. The MO energies are in eV. 
 







Table S6. Computed positions of the electronic transitions, oscillator strength (f), and major 
   contributions of the P2 model. 
λ (nm) f Major contributions (%) 
785.7 1.3331 H-1→LUMO (85), HOMO→LUMO (10) 
773.6 0.0136 H-1→LUMO (10), HOMO→LUMO (86) 
690.5 0.7502 H-1→L+1 (16), HOMO→L+1 (61) 
684.2 0.5195 H-1→L+1 (21), H-1→L+2 (45), HOMO→L+2 (25) 
627.6 0.2069 H-1→L+1 (21), H-1→L+2 (30), HOMO→L+1 (17), HOMO→L+3 (19) 
626.0 0.0445 H-1→L+1 (28), HOMO→L+2 (45) 
617.5 0.3124 H-1→L+2 (12), H-1→L+4 (17), HOMO→L+1 (12), HOMO→L+2 (14), HOMO→L+3 (29) 
616.6 0.073 H-1→L+3 (37), H-1→L+4 (14), HOMO→L+4 (26) 
608.4 0.0053 H-3→LUMO (24), H-3→L+1 (11), H-1→L+5 (14), HOMO→L+5 (37) 
607.9 0.0051 H-2→LUMO (25), H-1→L+6 (36), HOMO→L+6 (15) 
605.2 0.0002 H-6→LUMO (24), H-4→LUMO (62) 
572.4 0 H-1→L+3 (44), HOMO→L+4 (50) 
571.9 0.0013 H-1→L+4 (55), HOMO→L+3 (36) 
569.5 0.009 H-2→LUMO (70) 
569.5 0.0249 H-3→LUMO (70) 
563.5 0.0067 H-6→L+1 (10), H-5→LUMO (15), H-5→L+1 (13), H-5→L+2 (15), H-4→L+1 (29) 
560.1 0.0021 H-6→L+2 (10), H-5→L+1 (21), H-5→L+2 (15), H-4→L+2 (27) 
547.0 0.0902 H-7→LUMO (13), H-5→LUMO (60) 
518.9 0.001 H-6→LUMO (59), H-4→LUMO (30) 
513.5 0.0458 H-3→L+1 (58), H-3→L+2 (17), H-3→L+3 (12) 
510.2 0.0458 H-2→L+1 (13), H-2→L+2 (54), H-2→L+3 (11), HOMO→L+6 (12) 
508.8 0.0028 H-1→L+6 (31), HOMO→L+6 (62) 
508.2 0 H-1→L+5 (72), HOMO→L+5 (27) 
502.2 0.2042 H-7→LUMO (45), H-5→LUMO (16), H-4→L+1 (12) 
495.4 0.0017 H-2→L+1 (78), H-2→L+2 (21) 
494.2 0.1837 H-7→LUMO (13), H-4→L+1 (29), H-4→L+3 (21) 
492.7 0.0027 H-3→L+1 (20), H-3→L+2 (78) 
490.2 0.0385 H-6→L+2 (13), H-5→L+3 (13), H-4→L+2 (32), H-4→L+4 (23) 
481.8 0.0034 H-5→L+1 (37), H-5→L+3 (15), H-4→L+2 (23) 
477.0 0.3711 H-5→L+2 (26), H-5→L+4 (18), H-4→L+1 (11), H-4→L+3 (13) 
468.4 0.0302 H-6→L+1 (33), H-5→L+2 (12), H-4→L+3 (10) 
467.5 1.0082 H-6→L+3 (13), H-4→L+3 (17), H-3→L+5 (11) 
464.9 0.0834 H-6→L+2 (28) 
463.2 0.1054 H-8→LUMO (10), H-6→L+4 (13), H-4→L+4 (18), H-2→L+6 (12) 
461.8 0.0445 H-2→L+3 (65), H-2→L+4 (28) 
460.9 0.064 H-3→L+3 (64), H-3→L+4 (30) 
457.3 0.0091 H-8→LUMO (52) 
455.3 0.8301 H-9→LUMO (18), H-3→L+4 (26) 
455.0 0.0619 H-3→L+4 (13), H-2→L+4 (28), H-1→L+6 (11) 
453.4 0.4019 H-11→LUMO (27), H-9→LUMO (19) 
451.1 0.0019 H-11→LUMO (12), H-10→LUMO (67) 
450.7 0.0928 H-11→LUMO (45), H-9→LUMO (27) 
448.2 0.0028 H-12→LUMO (33), H-5→L+3 (10) 
446.1 0.0279 H-12→LUMO (15), H-5→L+3 (25), H-4→L+4 (16) 




442.8 0.0697 H-13→LUMO (46) 
441.9 0.0392 H-7→L+1 (32), H-6→L+2 (19) 
438.6 0.2166 H-7→L+2 (25), H-6→L+1 (11), H-5→L+4 (10) 
438.1 0.012 H-12→LUMO (11), H-5→L+5 (14), H-4→L+5 (36) 
437.4 0.0283 H-38→LUMO (10), H-12→LUMO (16), H-5→L+5 (10), H-4→L+5 (29) 
436.4 0.0248 H-5→L+6 (28), H-4→L+6 (56) 
434.7 0.0235 H-27→L+1 (25) 
433.3 0.0238 H-26→L+2 (26) 
428.7 0.259 H-6→L+3 (30) 
427.6 0.0169 H-8→L+1 (14) 
426.5 0.0037 H-10→L+2 (11), H-9→L+2 (11) 
426.3 0.0078 H-11→L+1 (40), H-10→L+1 (13) 
425.7 0.0059 H-10→L+1 (11), H-10→L+2 (30) 
422.6 0.0029 H-6→L+4 (34), H-3→L+5 (11), H-2→L+6 (11) 
420.8 0.5174 H-13→LUMO (11) 
420.4 0.0293 H-31→L+1 (10), H-30→L+2 (10) 
419.8 0.0309 H-13→LUMO (15), H-12→L+1 (14) 
418.7 0 H-2→L+5 (100) 
418.3 0 H-3→L+6 (100) 
413.2 0.0129 H-7→L+3 (62), H-6→L+4 (14) 
411.0 0.0278 H-8→L+3 (10), H-7→L+4 (59), H-6→L+3 (11) 
410.2 0.0715 H-8→L+1 (13) 
409.6 0.0799 H-8→L+2 (14), H-5→L+6 (24), H-4→L+6 (11) 
407.8 0.0298 H-8→L+2 (15), H-5→L+5 (17), H-5→L+6 (21), H-4→L+6 (11) 
407.4 0.3172 H-5→L+5 (33), H-5→L+6 (10), H-4→L+5 (12) 
406.1 0.0016 H-16→LUMO (13), H-15→LUMO (37), H-14→LUMO (36) 
405.0 0.0067 H-15→LUMO (44), H-14→LUMO (42) 
404.1 0.0122 H-9→L+1 (25), H-9→L+2 (30), H-8→L+1 (14) 
403.1 0.008 H-9→L+1 (15), H-9→L+2 (16), H-8→L+2 (16) 
402.4 0.0062 H-16→LUMO (51) 
401.3 0.017 H-11→L+2 (10), H-11→L+3 (19) 
400.5 0.0325 H-10→L+2 (17), H-10→L+3 (11) 
399.9 0.0274 H-11→L+2 (16), H-11→L+3 (10), H-11→L+4 (10), H-8→L+3 (11) 
399.1 0.0033 H-10→L+1 (24), H-10→L+2 (17), H-9→L+3 (11) 
398.4 0.0673 H-17→LUMO (50) 
397.8 0.0302 H-10→L+1 (25), H-10→L+3 (19), H-10→L+4 (20) 
397.2 0.0774 H-6→L+5 (33) 
397.0 0.0019 H-11→L+1 (17), H-11→L+2 (40), H-10→L+2 (10) 
396.7 0.3112 H-6→L+6 (31) 
394.6 0.0029 H-20→LUMO (13), H-20→L+2 (10), H-20→L+4 (11), H-18→LUMO (16) 
393.6 0.0261 H-21→LUMO (12), H-21→L+1 (11) 
392.7 0.0071 H-18→LUMO (33), H-12→L+2 (10) 
391.7 0.0203 H-11→L+5 (19), H-10→L+6 (17), HOMO→L+7 (13) 
391.0 0.0008 H-11→L+5 (28), H-10→L+6 (24) 
390.1 0.0033 H-13→L+1 (38), H-12→L+1 (10), H-12→L+2 (21) 
389.0 0.0142 H-13→L+2 (36), H-12→L+2 (10), H-11→L+5 (14) 
387.7 0.091 H-13→L+4 (14), H-12→L+1 (11), H-12→L+3 (20) 
387.0 0.0133 H-1→L+8 (14), HOMO→L+7 (23) 
386.7 0.0221 H-12→L+4 (10), HOMO→L+7 (13), HOMO→L+8 (10) 
385.1 0.0011 H-1→L+7 (26), HOMO→L+8 (15) 




384.3 0.0025 H-15→L+1 (10), H-14→L+2 (35) 
383.7 0.159 H-12→L+6 (13), H-9→L+6 (20) 
383.4 0.0128 H-12→L+5 (11), H-9→L+5 (12) 
381.9 0.0048 H-9→L+3 (37), H-8→L+4 (28) 
 
 
Figure S10. Bar graph (blue) reporting the position of the electronic transitions vs the oscillator strength 
(f) for P2 model. The black line represents a spectrum where 1000 cm
-1










H-4   (-5.78079) 
 
H-3   (-5.45779) 
 
H-2   (-5.42541) 
 
H-1   (-5.01724) 
 
HOMO   (-4.96200) 
 
LUMO  (-2.78318) 
 
 
L+1   (-2.72821) 
 
 
L+2   (-2.38780) 
 
 
L+3   (-2.35732) 
 
 
L+4   (-2.18589) 
 




Table S7. Computed positions of the electronic transitions, oscillator strength (f), and major 
contributions of the P3 model. 
λ(nm) f Major contributions (%) 
644.1 2.3127 H-1→LUMO (51), HOMO→L+1 (38) 
635.5 0.0901 H-1→LUMO (35), HOMO→L+1 (51) 
602.7 0.0015 HOMO→LUMO (96) 
595.5 0.0091 H-2→L+1 (39), HOMO→L+3 (59) 
593.8 0.0042 H-3→LUMO (42), H-1→L+2 (56) 
571.3 0.0001 H-1→L+1 (99) 
503.9 0.0002 HOMO→L+2 (98) 
495.8 0.001 HOMO→L+4 (90) 
490.8 0 H-2→LUMO (100) 
489.0 0.0058 HOMO→L+6 (94) 
487.1 0.0006 H-1→L+3 (98) 
484.0 0.0327 H-1→L+4 (50), H-1→L+5 (43) 
482.1 0.2166 H-1→L+4 (42), H-1→L+5 (48) 
474.0 0.0002 H-3→L+1 (100) 
456.5 0.1214 H-5→LUMO (25), H-4→LUMO (63) 
453.7 0.0266 HOMO→L+5 (91) 
453.4 1.0096 H-3→LUMO (46), H-1→L+2 (33) 
451.4 1.1541 H-2→L+1 (52), HOMO→L+3 (32) 
449.4 0.0733 H-5→L+1 (15), H-4→L+1 (67) 
448.1 1.9391 H-6→LUMO (16), H-5→LUMO (13), H-3→L+2 (28) 
443.3 0.7437 H-6→L+1 (13), H-2→L+3 (43) 
442.2 0.025 H-1→L+6 (96) 
432.5 0.0206 H-9→LUMO (15), H-8→LUMO (78) 
427.9 0.004 H-7→L+1 (89) 
427.8 0.1795 H-10→LUMO (50), H-3→L+2 (13) 
424.4 0.1353 H-9→L+1 (44), H-6→L+1 (15), H-2→L+3 (10) 
423.6 0 H-2→L+2 (100) 
422.2 0.2449 H-5→LUMO (46), H-4→LUMO (24) 
414.9 0.1677 H-9→L+1 (14), H-5→L+1 (57), H-4→L+1 (12) 
414.6 0 H-3→L+3 (100) 
411.2 0.2602 H-10→LUMO (13), H-6→LUMO (50), H-3→L+2 (12) 
409.8 0.0085 H-2→L+4 (95) 
407.1 0.051 H-3→L+4 (96) 
404.6 0.0208 H-2→L+6 (80) 
404.1 0.0935 H-11→L+1 (15), H-6→L+1 (37), H-2→L+6 (17) 
402.6 0.0019 H-5→L+3 (15), H-4→L+3 (64) 
402.6 0.0001 H-5→L+2 (25), H-4→L+2 (34), H-3→L+5 (23) 
401.9 0.0305 H-4→L+2 (11), H-3→L+5 (75) 
400.1 0.0045 H-12→LUMO (16), H-11→LUMO (27), H-9→LUMO (17) 
396.1 0.0044 H-7→LUMO (59) 
395.8 0.0023 H-11→L+1 (21), H-7→LUMO (28), H-6→L+1 (10) 
394.5 0.0249 H-5→L+5 (16), H-4→L+4 (26) 




393.4 0.054 H-19→LUMO (20), H-5→L+5 (19), H-4→L+5 (14) 
393.1 0.0044 H-19→LUMO (66) 
391.4 0.0029 H-12→LUMO (21), H-9→LUMO (23) 
391.2 0.0042 H-15→LUMO (12), H-9→L+2 (10), H-8→L+2 (47) 
391.0 0.0059 H-18→L+1 (62), H-17→L+1 (31) 
390.1 0.0022 H-7→L+3 (72) 
389.8 0.0036 H-15→LUMO (72), H-8→L+2 (11) 
389.2 0.1286 H-10→L+2 (46), H-6→L+2 (16) 
388.3 0.1277 H-9→L+3 (48), H-6→L+3 (21) 
387.9 0 H-2→L+5 (95) 
387.4 0.0148 H-16→LUMO (45), H-11→LUMO (15) 
386.6 0.001 H-14→L+1 (10), H-13→L+1 (76) 
386.5 0.0004 H-9→L+1 (15), H-8→L+1 (77) 
385.4 0.0025 H-14→L+1 (60), H-12→L+1 (10) 
383.8 0.0047 HOMO→L+7 (18), HOMO→L+8 (51) 
382.0 0 H-3→L+6 (100) 
381.5 0.0065 H-10→L+1 (13), H-1→L+7 (50) 
381.3 0.0074 H-11→L+1 (18), H-10→L+1 (56) 
377.8 0.0356 H-16→LUMO (20), H-12→LUMO (31), H-11→LUMO (16), H-1→L+7 (11) 
375.4 0.0739 H-10→L+2 (13), H-5→L+2 (37), H-4→L+2 (26) 
371.4 0.0629 H-9→L+3 (11), H-6→L+3 (10), H-5→L+3 (53), H-4→L+3 (13) 
367.4 0.0224 H-23→LUMO (11), H-22→LUMO (21), H-6→L+2 (27), H-4→L+2 (11) 
365.0 0.0018 H-24→LUMO (62), H-6→L+2 (10) 
364.8 0.0119 H-21→L+1 (35), H-20→L+1 (14), H-12→L+1 (12) 
364.8 0.0125 H-21→L+1 (10), H-12→L+1 (52) 
363.8 0.061 H-22→LUMO (60), H-6→L+2 (17) 
362.7 0.0022 H-21→L+1 (26), H-20→L+1 (51) 
361.3 0.012 HOMO→L+7 (68), HOMO→L+8 (19) 
361.1 0.0481 H-21→L+1 (14), H-20→L+1 (17), H-6→L+3 (23) 
360.1 0.0006 H-13→LUMO (90) 
359.1 0.0031 H-14→LUMO (70) 
358.8 0.0074 H-19→L+2 (12), H-18→L+3 (52), H-17→L+3 (25) 
358.8 0.016 H-19→L+2 (68) 
357.8 0.0355 H-5→L+4 (65) 
356.5 0.0018 H-15→L+2 (65) 
355.5 0.0014 H-14→L+3 (37), H-13→L+3 (44) 
355.2 0.0177 H-23→LUMO (13), H-15→L+2 (21), H-12→L+2 (18) 
354.2 0.0002 H-11→L+2 (11), H-9→L+2 (11) 
353.5 0.0152 H-25→L+1 (12), H-13→L+3 (28), H-11→L+3 (13) 
353.3 0.0035 H-25→L+1 (30), H-23→L+1 (11), H-11→L+3 (12) 
353.0 0.0385 H-16→L+2 (25), H-1→L+8 (13) 
352.7 0.0057 H-14→L+3 (26), H-11→L+3 (12), H-6→L+3 (20) 
351.9 0.0004 H-15→L+1 (23), H-1→L+8 (51) 
351.8 0.0029 H-15→L+1 (63), H-1→L+8 (20) 
351.1 0.0012 H-7→L+2 (84) 
350.4 0.0249 H-6→L+5 (16), H-4→L+5 (64) 
349.1 0.023 H-16→L+1 (63) 
348.8 0.0468 H-6→L+6 (22), H-5→L+6 (13), H-4→L+6 (45) 
348.3 0.0044 H-6→L+4 (54), H-4→L+4 (23) 
346.8 0.005 H-11→L+2 (15), H-10→L+2 (16), H-9→L+2 (46) 




344.0 0.056 H-18→L+1 (15), H-17→L+1 (43), H-16→L+1 (13) 
342.2 0.0014 H-11→L+3 (17), H-10→L+3 (74) 
341.7 0.0423 H-6→L+5 (23), H-5→L+5 (31) 
340.7 0.0138 H-9→L+4 (44), H-7→L+4 (24) 
340.1 0.0328 H-11→L+6 (15), H-7→L+6 (12), H-6→L+6 (11), H-5→L+6 (41) 
339.4 0.0028 H-9→L+4 (11), H-7→L+4 (66) 
 
Figure S12. Bar graph (blue) reporting the position of the electronic transitions vs the oscillator strength 
(f) for P3 model. The black line represents a spectrum where 1000 cm
-1
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Table S8. Computed positions of the electronic transitions, oscillator strength (f), and major 
contributions of the M2. 
λ(nm) f Major contributions (%) 
701.3 1.2960 HOMO→LUMO (96) 
622.9 0.0000 HOMO→L+1 (99) 
612.6 0.0161 H-1→LUMO (71), HOMO→L+3 (27) 
563.6 0.0257 H-1→L+3 (12), HOMO→L+2 (87) 
538.5 0.0000 H-1→L+1 (100) 
521.1 0.0812 H-1→LUMO (22), H-1→L+2 (46), HOMO→L+3 (32) 
479.0 0.0002 H-2→LUMO (97) 
473.9 0.0851 H-3→LUMO (93) 
439.1 0.0001 H-4→LUMO (91) 
437.4 1.7666 H-1→L+3 (48) 
437.0 1.2332 H-1→L+2 (34), H-1→L+3 (18), HOMO→L+3 (27) 
430.0 0.0170 H-2→L+1 (96) 
425.9 0.0000 H-5→LUMO (88) 
425.2 0.0000 H-3→L+1 (91) 
422.8 0.0714 H-6→LUMO (84) 
419.5 0.0001 H-13→L+1 (39), H-12→LUMO (36), H-12→L+2 (10) 
419.5 0.0000 H-13→LUMO (36), H-13→L+2 (11), H-12→L+1 (39) 
409.2 0.0044 H-7→LUMO (80), H-7→L+2 (16) 
405.2 0.0001 HOMO→L+4 (91) 
403.8 0.0116 H-4→L+1 (70) 
402.1 0.0002 H-2→L+2 (95) 
397.0 0.0520 H-3→L+2 (84) 
396.9 0.0002 H-2→L+3 (91) 
392.0 0.1201 H-3→L+3 (78) 
387.4 0.0000 H-9→LUMO (68), H-6→L+1 (17) 
386.7 0.0006 H-5→L+1 (79) 
386.3 0.0227 H-8→LUMO (80) 
385.7 0.0000 H-9→LUMO (15), H-6→L+1 (66), H-4→L+2 (11) 
383.8 0.0000 H-22→L+1 (36), H-21→LUMO (31), H-21→L+2 (11) 
383.8 0.0000 H-22→LUMO (31), H-22→L+2 (11), H-21→L+1 (36) 
378.4 0.0000 H-10→LUMO (19), H-6→L+1 (14), H-4→L+2 (52) 
378.3 0.0144 HOMO→L+5 (71) 
369.6 0.0001 H-10→LUMO (61), H-4→L+2 (27) 
366.5 0.0000 H-4→L+3 (45), H-1→L+4 (46) 
364.1 0.0000 H-5→L+2 (62), H-1→L+4 (20) 
362.6 0.0001 H-5→L+2 (19), H-5→L+3 (17), H-4→L+3 (37), H-1→L+4 (21) 
362.4 0.0129 H-6→L+2 (94) 
359.3 0.0643 H-6→L+3 (82) 
359.0 0.0002 H-5→L+3 (76), H-1→L+4 (11) 
356.3 0.0014 H-7→L+3 (94) 
351.8 0.0000 H-14→LUMO (34), H-11→LUMO (29) 
349.3 0.0000 H-7→L+1 (99) 
345.9 0.1954 H-14→LUMO (42), H-11→LUMO (28) 
345.8 0.0000 HOMO→L+6 (79) 
344.9 0.0837 H-1→L+5 (94) 




342.9 0.0038 H-9→L+1 (89) 
338.5 0.0000 H-20→L+1 (13), H-19→LUMO (24), H-11→L+1 (34) 
337.0 0.0015 H-7→LUMO (17), H-7→L+2 (81) 
334.3 0.0205 H-10→L+1 (70) 
334.0 0.1204 H-20→LUMO (16), H-16→LUMO (42), H-15→L+1 (22) 
333.8 0.0000 H-16→L+1 (26), H-15→LUMO (53) 
331.3 0.0037 H-20→LUMO (24), H-19→L+1 (11), H-16→LUMO (17), H-10→L+1 (12) 
328.6 0.0043 H-8→L+2 (83) 
328.0 0.0000 H-19→LUMO (12), H-11→L+1 (21), H-9→L+3 (13) 
327.9 0.0157 H-8→L+3 (90) 
327.5 0.0000 H-9→L+2 (71) 
326.1 0.0000 H-25→LUMO (17), H-13→L+1 (13), H-12→LUMO (43), H-12→L+2 (14) 
326.0 0.0000 H-27→LUMO (16), H-13→LUMO (44), H-13→L+2 (14), H-12→L+1 (14) 
325.2 0.0000 H-11→L+1 (19), H-9→L+3 (62) 
319.1 0.0000 H-10→L+2 (11), H-10→L+3 (47), H-1→L+6 (28) 
319.0 0.0003 H-18→LUMO (83) 
318.9 0.0000 H-17→LUMO (86) 
318.4 0.0000 H-14→L+1 (16), H-10→L+2 (44), H-10→L+3 (10), H-9→L+3 (13) 
315.4 0.0000 H-27→LUMO (58), H-13→LUMO (12), H-12→L+1 (11) 
315.3 0.0001 H-25→LUMO (56), H-13→L+1 (10), H-12→LUMO (12) 
313.9 0.0155 H-24→LUMO (15), H-11→L+2 (44), HOMO→L+7 (21) 
312.4 0.0001 H-10→L+3 (34), H-1→L+6 (54) 
311.0 0.0099 H-2→L+4 (96) 
311.0 0.0000 H-14→L+1 (78), H-10→L+2 (16) 
308.7 0.0001 H-3→L+4 (91) 
306.6 0.0000 H-23→LUMO (53), H-19→LUMO (12) 
304.9 0.0001 H-16→LUMO (33), H-16→L+2 (11), H-15→L+1 (47) 
304.8 0.0000 H-16→L+1 (47), H-15→LUMO (32), H-15→L+2 (10) 
303.6 0.0570 H-24→LUMO (21), H-20→LUMO (12), H-11→L+2 (39), HOMO→L+7 (14) 
301.2 0.1327 H-24→LUMO (25), H-14→L+2 (17), HOMO→L+7 (43) 
299.7 0.0019 H-21→LUMO (34), H-13→L+1 (15), H-12→L+2 (18) 
299.7 0.0000 H-22→LUMO (36), H-22→L+2 (10), H-13→L+2 (18), H-12→L+1 (16) 
299.6 0.0316 H-20→LUMO (28), H-20→L+2 (10), H-19→L+1 (40) 
299.3 0.0461 H-14→L+2 (60), H-14→L+3 (10), HOMO→L+7 (10) 
299.3 0.0000 H-20→L+1 (41), H-19→LUMO (26), H-19→L+2 (10) 
298.8 0.0168 H-14→L+2 (10), H-14→L+3 (79) 
298.4 0.0003 H-17→L+1 (94) 
298.3 0.0000 H-18→L+1 (92) 
296.8 0.0001 H-2→L+5 (94) 
296.7 0.0000 HOMO→L+8 (81) 
295.8 0.0003 H-22→L+1 (14), H-21→LUMO (20), H-13→L+1 (13), H-12→L+2 (45) 
295.8 0.0000 H-22→LUMO (20), H-21→L+1 (14), H-13→L+2 (45), H-12→L+1 (13) 
295.6 0.1634 H-11→L+3 (14), H-4→L+4 (42), H-3→L+5 (31) 
294.1 0.0003 H-26→LUMO (80) 
294.1 0.4587 H-11→L+3 (64), H-4→L+4 (19) 
293.8 0.0507 H-4→L+4 (22), H-3→L+5 (67) 
288.0 0.0424 H-27→L+1 (16), H-25→L+2 (11), H-23→L+1 (38) 
287.8 0.0000 H-27→L+2 (32), H-25→L+1 (52) 
287.7 0.0199 H-27→L+1 (36), H-25→L+2 (24), H-23→L+1 (14) 
287.5 0.0174 H-23→L+1 (11), H-5→L+4 (76) 




285.9 0.0000 H-24→L+1 (56), H-23→L+2 (10) 
284.0 0.0000 H-16→L+1 (14), H-15→L+2 (67) 
283.8 0.0000 H-28→LUMO (25), H-17→L+2 (66) 
 
 
Figure S14. Bar graph (blue) reporting the position of the electronic transitions vs the oscillator strength 
(f) for M2. The black line represents a spectrum where 1000 cm
-1
 is applied to each transition.              
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Table S9. Computed positions of the electronic transitions, oscillator strength (f), and major 
contributions of the P4 model. 
λ(nm) f Major contributions (%) 
724.6 2.4902 H-1→LUMO (82), HOMO→L+1 (14) 
706.2 0.0021 HOMO→LUMO (91) 
660.4 0.3590 H-1→LUMO (12), H-1→L+2 (13), HOMO→L+1 (73) 
655.8 0.0066 H-1→L+1 (73), HOMO→L+2 (19) 
616.4 0.0089 H-2→LUMO (55), H-2→L+1 (15), H-1→L+6 (12) 
616.3 0.0216 H-3→LUMO (54), H-3→L+1 (15), HOMO→L+5 (13) 
607.7 0.0023 H-1→L+1 (15), HOMO→L+2 (72) 
606.2 0.0358 H-1→L+2 (74), HOMO→L+3 (10) 
571.7 0.0759 H-1→L+4 (15), HOMO→L+3 (64) 
568.8 0.0013 H-1→L+3 (61), HOMO→L+4 (22) 
566.6 0.0006 H-3→LUMO (30), H-3→L+1 (45), H-3→L+2 (16) 
566.4 0.0005 H-2→LUMO (29), H-2→L+1 (45), H-2→L+2 (16) 
530.0 0.0207 H-3→L+2 (48), H-3→L+3 (24) 
529.8 0.0246 H-2→L+2 (49), H-2→L+3 (24) 
523.1 0.0005 H-1→L+3 (27), HOMO→L+4 (68) 
520.5 0.0562 H-1→L+4 (73), HOMO→L+3 (20) 
515.1 0.0188 H-2→L+1 (31), H-2→L+2 (27), H-2→L+4 (10) 
515.0 0.0706 H-3→L+1 (30), H-3→L+2 (29), H-3→L+4 (10) 
482.2 0.0001 H-5→LUMO (17), H-5→L+1 (20), H-4→LUMO (59) 
482.1 0.0005 H-5→LUMO (58), H-4→LUMO (17), H-4→L+1 (20) 
477.0 0.1050 H-7→LUMO (36), H-6→LUMO (31), H-6→L+1 (13) 
476.8 0.0863 H-7→LUMO (31), H-7→L+1 (12), H-6→LUMO (37) 
476.0 0.0049 H-1→L+6 (42), HOMO→L+6 (52) 
475.7 0.0032 H-1→L+5 (56), HOMO→L+5 (40) 
463.0 0.0318 H-2→L+3 (47), H-2→L+4 (24) 
462.9 0.1806 H-3→L+3 (47), H-3→L+4 (24) 
449.5 0.0182 H-5→L+1 (14), H-4→LUMO (16), H-4→L+1 (45), H-4→L+2 (10) 
449.0 0.0022 H-5→LUMO (18), H-5→L+1 (49), H-5→L+2 (11), H-4→L+1 (16) 
446.5 0.0171 H-8→LUMO (43), H-7→L+1 (24) 
443.9 0.0032 H-7→LUMO (21), H-7→L+2 (11), H-6→L+1 (55) 
442.2 3.2436 H-9→LUMO (12), H-3→L+5 (27), H-2→L+6 (26) 
441.4 0.0559 H-8→LUMO (37), H-7→L+1 (31), H-6→LUMO (13) 
438.7 0.5774 H-9→LUMO (45), H-8→L+1 (23) 
435.9 0.1225 H-3→L+4 (27) 
435.3 0.4668 H-12→LUMO (10), H-3→L+4 (12), H-3→L+5 (13), H-2→L+6 (16) 
434.9 1.0932 H-2→L+4 (30), H-2→L+6 (10), H-1→L+6 (12) 
429.0 0.0198 H-10→LUMO (63) 




424.9 0.1152 H-12→LUMO (45) 
424.9 0.0233 H-13→LUMO (29), H-4→L+2 (19) 
424.4 0.0306 H-5→L+2 (40), H-4→L+2 (36) 
424.1 0.0427 H-13→LUMO (10), H-5→L+2 (32), H-4→L+2 (23) 
423.1 0.0002 H-26→LUMO (59), H-26→L+2 (24) 
421.3 0.0000 H-2→L+5 (100) 
421.0 0.0001 H-3→L+6 (100) 
419.7 0.0045 H-24→L+1 (11), H-24→L+2 (10), H-6→L+2 (41) 
419.6 0.0008 H-25→L+1 (22), H-25→L+2 (20), H-25→L+3 (10) 
419.5 0.0031 H-24→L+1 (14), H-24→L+2 (13), H-6→L+2 (30) 
419.4 0.0075 H-7→L+2 (61) 
416.5 0.0168 H-9→LUMO (11), H-8→L+1 (45), HOMO→L+7 (16) 
413.5 0.0019 H-9→L+1 (34), H-8→L+2 (22) 
411.8 0.0521 HOMO→L+7 (63) 
410.1 0.0202 H-15→LUMO (47), H-14→L+1 (28) 
409.9 0.0007 H-15→L+1 (27), H-14→LUMO (44) 
407.9 0.0001 H-1→L+7 (79) 
406.5 0.0003 H-4→L+3 (65), H-4→L+4 (11) 
406.3 0.0008 H-5→L+3 (67), H-5→L+4 (11) 
402.4 0.0019 H-11→L+1 (35), H-10→LUMO (10), H-9→L+1 (14) 
402.0 0.0018 H-10→L+1 (50) 
401.7 0.0500 H-7→L+4 (17), H-6→L+3 (62) 
401.4 0.0204 H-7→L+3 (59), H-6→L+4 (16) 
400.2 0.0022 H-13→LUMO (11), H-13→L+1 (16), H-12→L+1 (35) 
399.4 0.0015 H-13→L+1 (27), H-12→LUMO (15), H-12→L+1 (24), H-12→L+2 (10) 
397.0 0.0018 H-5→L+5 (15), H-4→L+5 (73) 
396.9 0.0036 H-5→L+6 (73), H-4→L+6 (15) 
393.9 0.0001 H-9→L+1 (12), H-8→L+2 (50) 
392.8 0.1490 H-9→L+2 (16), H-7→L+5 (13), H-7→L+6 (16), H-6→L+5 (10), H-6→L+6 (20) 
392.5 0.0163 H-7→L+5 (28), H-6→L+5 (24) 
392.3 0.0274 H-9→L+2 (17), H-7→L+6 (13), H-6→L+6 (16) 
388.0 0.0043 H-18→LUMO (42), H-18→L+1 (17), H-17→LUMO (12) 
388.0 0.0028 H-40→LUMO (31), H-40→L+2 (13), H-19→LUMO (18) 
388.0 0.0023 H-40→LUMO (22), H-19→LUMO (24), H-19→L+1 (11) 
387.1 0.0157 H-18→LUMO (10), H-17→LUMO (30), H-17→L+1 (19), H-16→LUMO (11) 
387.0 0.0109 H-19→LUMO (11), H-19→L+1 (10), H-17→LUMO (10), H-16→LUMO (28), 
H-16→L+1 (18) 
384.3 0.0018 H-10→L+2 (22), HOMO→L+8 (16) 
383.8 0.0000 H-38→LUMO (12), H-38→L+1 (29), H-38→L+2 (29), H-38→L+3 (16) 
383.8 0.0000 H-39→LUMO (11), H-39→L+1 (30), H-39→L+2 (29), H-39→L+3 (16) 
383.4 0.0041 H-11→L+2 (21), H-9→L+2 (30) 
382.3 0.0429 H-10→L+2 (14), H-1→L+8 (14), HOMO→L+9 (14) 




381.0 0.0012 H-12→L+2 (30), H-10→L+2 (19) 
380.4 0.0004 H-5→L+3 (17), H-5→L+4 (40), H-4→L+4 (27) 
380.4 0.0025 H-5→L+4 (33), H-4→L+3 (18), H-4→L+4 (37) 
378.9 0.0009 H-13→L+2 (33), H-11→L+2 (20), H-8→L+3 (18) 
378.0 0.0006 H-12→L+2 (23), H-9→L+3 (12), H-8→L+4 (10) 
377.6 0.0029 H-13→L+2 (34), H-8→L+3 (11) 
376.2 0.0026 H-7→L+3 (18), H-6→L+4 (69) 
376.0 0.0032 H-7→L+4 (73), H-6→L+3 (18) 
371.8 0.0009 H-21→LUMO (44), H-20→L+1 (22), H-8→L+3 (12) 
371.0 0.0001 H-21→L+1 (12), H-20→LUMO (35), H-9→L+3 (27) 
369.7 0.0104 H-3→L+7 (21), H-2→L+7 (60) 
369.7 0.0010 H-3→L+7 (60), H-2→L+7 (20) 
367.8 0.0034 H-10→L+3 (42), H-10→L+4 (13) 
367.3 0.0023 H-11→L+3 (40), H-11→L+4 (11), H-10→L+3 (12) 
366.8 0.0007 H-1→L+8 (40), HOMO→L+9 (48) 
366.2 0.0002 H-1→L+9 (56), HOMO→L+8 (31) 
365.8 0.0118 H-12→L+3 (58) 
365.1 0.0014 H-13→L+3 (42), H-12→L+4 (13) 
363.8 0.0010 H-9→L+6 (26), H-8→L+6 (32) 
363.8 0.0028 H-13→L+3 (12), H-9→L+5 (23), H-8→L+5 (27) 
 
 
Figure S17. Bar graph (blue) reporting the position of the electronic transitions vs the oscillator 
strength (f) for P4 model. The black line represents a spectrum where 1000 cm
-1
 is applied to each 






Figure S18. Left: time-resolved spectra of M1, M2 and P1. Right: individual components best 






Figure S19. Left: time-resolved spectra of P2, P3 and P4. Right: individual components best 






Figure S20. Comparison of the fluorescence spectra of M1, M2, P1, P2, P3 and P4 in 2MeTHF at 






Figure S21. Comparison of the fluorescence spectra of M1, M2, P1, P2, P3 and P4 in 2MeTHF at 

























































































CHAPTER 5 PROFOUND SUBSTITUENT EFFECT ON THE STRUCTURAL, 
OPTICAL, PHOTOPHYSICAL, AND ELECTROCHEMICAL PROPERTIES 
OF N,N’-ANTHRAQUINONE DIIMINE-CONTAINING 
PT-ORGANOMETALLIC POLYMERS 
5.1. About the Project 
Reduced (leucoemeraldine), oxidized (perigraniline) and mixed-valent form (emeraldine) are three 
forms of polyaniline (PANI). The emeraldine version is regarded as the most useful form of PANI 
and has interesting properties. For example, upon doping with acid, the protoned emeraldine version 
of polyaniline becomes highly electrically conducting. Recently, our group reported two 
communications about the perigraniline organometallic version as the N,N’-quinone/anthranquinone 
-diimine containing Pt polymers, as well as the charge transfer spectral signature. Subsequently, we 
wished to further prepare other emeraldine versions of PANI. In this project, one mild reduction 
method (Zn+NH4Cl) was used on perigraniline organometallic polymers to obtain the emeraldine 
version in one step. During the course of investigation for emeraldine organometallic version, we 
found that their photophysical properties have a dramatic change after this transformation from 
perigraniline to emeraldine. 
5.2. Abstract of this work  
Four unconjugated mixed-valence polymers of the type {([Pt]-AQ)x([Pt]-NH-A-NH)y}n where A 
and AQ are respectively substituted derivatives of bis(4-phenylamino)anthracene and anthraquinone 
diamine, and [Pt] is (trans-diethynylbis(tri-n-butylphosphine)platinum(II) (substituent = H, Br, 2Br, 






P NMR and GPC. They were investigated 
by UV–visible and emission spectroscopy, photophysical measurements, and by DFT/TDDFT 
computations as a mean to address the electronic communication across the chain. These polymers 
were used as a luminescent organometallic version of PANI (which is weakly luminescent) of the 
seemingly unconjugated emeraldine form. They were also permitted to examine the substituent effect 




5.3. Synthesis and characterization 
Compounds 1a, 1b and 1c
 
were reduced using either hydroiodic acid or sodium borohydride to 
generate the corresponding diamino-compounds 5a, 5b and 5c (Scheme 1). These species provided 
single crystals of sufficient quality for X-ray diffraction analysis providing useful information on 
their conformation and for structural comparisons with the corresponding diimines described below. 
Model 5d was prepared in high yield using a mild reduction method (Zn + NH4Cl) from 3a, proving 
that this reduction method can effectively work on these imine species. Consequently, the same 
method for the reduction of P3a-d was used in order to prepare the target mixed valence polymers 





P NMR and their photophysical properties. Evidence for polymerization was obtained 
from gel permeation chromatography (GPC). The average molecular weight in number (Mn), average 
molecular weight in weight (Mw), polydispersity index (PD), and degree of polymerization (DP) are 
provided in Table 1. Noteworthy, the fully reduced version of the polymers were never isolated 
despite the various synthesis methods employed
 







issue. Only the mixed-valence form was obtained, suggesting that the presence of the oxidized 
fragment contributes to the stabilisation of the polymers P5a-d. 
 





       Mn Mw PD DP 
P5a 11300 23700 2.09 11 
P5b 9200 15700 1.71 9 
P5c 6290 11200 1.78 5 





Scheme 1. The synthesis of P5a-P5d. i) HI 40%, CH2Cl2, 30 min. i’) NaBH4, THF/EtOH. ii) K2CO3, 
MeOH/THF (1:1), 12 hrs. iii) Zn dust, NH4Cl, THF, 5 hrs. iv) 1 eq. trans-PtCl2(PBu3)2, CuI, iPrNH, 







P NMR spectra of P3a-d and P5a-d in CDCl3 (the nature of the substituent is indicated 
for convenience). The 0-ppm is on the right hand side on this figure. 
The 
31










Pt satellites witnessing the 
1
JPt-P coupling constant while a 
single resonance is observed at ~2.85 ppm for P3a-d. The magnitudes
 









about the Pt-atom. The resonance peak expectedly shifts 






to 2.77 (P3d) for P3a-d (oxidized 
polymers), and from 2.66 (P5c), to 2.65
 
(P5b), to 2.59 (P5a), and to 2.56 (P5d) for P5a-d 
(mixed-valence form). Clearly, both the spacer (imine or amine) and the substituent (Br, H, NH2) 
affect the electronic density at the Pt-atom. The electron withdrawing and donating groups shifts the 
31
P resonance to low and high field, respectively. Interestingly, only one resonance is observed for 
the mixed-valence polymers P5a-d meaning that the resulting signal is an average, perhaps resulting 






5.4. Fluorescence spectra and photophysics 
Prior to commenting on the position of the CT bands, their relative intensities are addressed. The 
absorption CT bands of mixed-valence polymers P5a-d expectedly become weaker than that of the 
fully oxidized versions P3a-d (Figure 2; the  data are in Table 2). In order to get an approximate 
ratio of the amount of imine and amine within these polymers, the absorptivity at 550 nm was 
measured knowing that the amine-containing model does not absorb at all in this region (see Figure 
2). Qualitatively, the results (from AP5a-d = ε(550 nm, P3a-d)  x l x c(unit in P5a-d)) indicate a imine/amine 
ratio of ~1 in the polymers P5a-d.  
Table 2. Absorption data in 2MeTHF.  
 298K 77K 




)) λmax (nm) 
P5a  300, 342, 462 
P5b  300, 358, 470 
P5c  338, 364, 496 
P5d  300, 346, 456 
 
.  
Figure 2. Comparison of the absorption spectra of P5a and P3a (left) and P5d and P3d (right) in 
THF at 298 K. 
For the mixed-valence polymers P5a-d, the spectroscopic and photophysical properties are 
significanly different from the corresponding fully oxidized versions P3a-d. The polymers are 
emissive at both temperatures, 298 and 77 K. The emission signature is unquestionably reminescent 
of that for the A-containing residue (5d). Some clear discrepencies are noticed between the excitation 




the A-fragment, again by comparison with the spectra of model 5d. This expected result stems from 
the larger fluorescence intensity of the A-containing chromophore relative to the AQ-ones, as stated 
above in the text (for 5d, F = 0.16 ± 0.02, whereas the imine-containing species are not or very 
weakly fluorescent at 298 K). Moreover, there is no evidence for phosphorescence (i.e. no lifetime in 
the s time scale) at 77 K generally associated with the imine fragment for P5a-d (Table 3). 
 









Table 3. Emission lifetime data (2MeTHF; AQ = quinone dimine; A = diaminoantracene). 
 max F (ns)andPs 
P5a (298 K) 527 <0.1 ns (<2%) (AQ?), 1.1±0.2 ns (15%), 3.7±0.1 ns (83%) (A) 
P5a (77 K) 509 1.67±0.26 ns (1%), 5.1±0.1 ns (33%), 8.9±0.1 ns (66%) (A) 
P5b (298 K) 542 0.51±0.16 ns (4%), 2.4±0.1 ns (43%), 5.2±0.1 ns (53%) (A) 
P5b (77 K) 550 1.02±0.21 ns (2%), 3.6±0.1 ns (28%), 7.2±0.1 ns (71%) (A) 
P5c (298 K) 559 0.59±0.13 ns (9%), 2.2±0.1 ns (29%), 4.7±0.1 ns (62%) (A) 
P5c (77 K) 582 0.84±0.16 ns (3%), 3.1±0.1 ns (28%), 7.4±0.1 ns (69%) (A) 
P5d (298 K) 544 0.44±0.16 ns (20%), 2.2±0.1 ns (18%), 6.9±0.1 ns (62%) (A) 
P5d (77 K) 533 0.97±0.09 ns (2%), 5.9±0.1 ns (17%), 12.0±0.1 ns (81%) (A) 
 










 F(77 K). Both the 
amplitude and temperature dependence of these F values are in line
 
with those observed for model 











remains unexplained at 
this time. 
5.5. Conclusion 
Attempts to prepare the corresponding fully reduced Pt-containing version of PANI, 
(NH-A-NH-[Pt])n, stubbornly failed. In fact at best, the corresponding mixed-valence versions of 
these polymers were isolated {([Pt]-AQ)x([Pt]-NH-A-NH)y}n with an approximate A/AQ ratio of 
∼1 in all cases based on absorptivity values. A CT band exsits with a lower intensity compared to the 
fully oxidized version. The emission properties are dominated by the fluorescence of the diamino- 
containing units, A*. The absence of phosphorescence may be explained by the presence of C−C 
single bonds in this kind of polymer structure providing extra non-radiative deactivation pathways 
due to free rotations. 
 
5.6. Experimental Section  
Materials. Compounds 1a-c, 2a-d, 3a-d, polymers P3a-d, and trans-Pt(PBu3)2Cl2 were prepared 
according to literature procedures. Sodium tetrahydroborate, hydroiodic acid, zinc dust, NH4Cl and 
K2CO3 were purchased from Aldrich and were used as received. All reactions were performed in 




All solvents were distilled from appropriate drying agents.  
N,N’-bis(para-bromophenyl)-9,9’-diaminoanthracene (5a). 0.90 g of 1a (1.7 mmol) was dissolved 
in 50 ml of CH2Cl2. 0.78 ml (4.3 mmol) 40 % HI solution was added dropwise into a stirred solution 
of 1a in CH2Cl2. The solution was allowed to stir for 30 min at room temperature. The reaction 
mixture was filtered through a fine glass sintered funnel, evaporated and purified on a silica column 





H NMR (CDCl3): 8.19 (4 H, m, CH aro.), 7.46 (4 H, m, CH aro), 7.24 
(4 H, d, CH aro., J = 8.7) 6.48 (4 H, d, CH aro., J = 8.7), 6.05 (2H, s, -NH) ppm; m/z (EI): 518 (M
+
). 
N,N’-bis(para-bromophenyl)-9,9’-diamino-2-bromoanthracene (5b).  1b (297.5 mg, 0.5 mmol) 
was added to 50 ml THF/ETOH (V=1:1). NaBH4 (76 mg, 2 mmol) was added. The solution was 
stirred at room temperature for 3 hr. 50 ml of water was added, and all solvents were removed under 
vacuum after stirring for 10 min. The crude product was purified by column chromatography using 





H NMR (300 MHz, CDCl3): δ 8.38 (s, 1H, Ar), 8.20 (m, 4H, Ar), 8.17 (d, J=3 Hz, 1H, 
Ar), 8.07 (d, J=9 Hz, 4H, Ar), 7.23(d, J=3 Hz, 2H, Ar), 6.48 (t, J=9, 3 Hz, 4H, Ar), 5.90 (br, 2H, 
2N-H) ppm; ESI-Tof: m/z calculated: 618.8815 (MNa
+
), m/z observed: 618.8826 (MNa
+
). 
N,N’-bis(para-ethynylphenyl)-9,9’-diamino-2,2’-dibromoanthracene (5c). 1b (674 mg, 1 mmol) 
was added to 50 ml of THF/ETOH (V=1:1). NaBH4 (152 mg, 4 mmol) was added and the solution 
was stirred at room temperature for 3 hr. 50 ml of water was added, and all solvents were removed 
under vacuum after stirring for 10 min. The crude product was purified by column chromatography 
using CH2Cl2/THF (2:1, v/v) as the eluent to give the yellow compound 5c (642 mg, 95 %). IR 
(KBr)/cm
-1




H NMR (CDCl3): 8.36 (2 H, s, CH aro.), 8.04 (1 H, s, 
CH aro), 8.02 (1 H, s, CH aro), 7.56-7.53 (4 H, m, CH aro.) 6.47 (4 H, s, CH aro.), 6.45 (3 H, s, CH 
aro.), 3.37 (2H, s, -NH) ppm; m/z (ESI-TOF): 676.8077 (MH
+
). 
N,N’-bis(para-ethynylphenyl)-9,9’-diaminoanthracene (5d). 3a (81.3 mg, 0.2 mmol) was added to 
50 ml of THF, and Zn dust (52.3 mg, 0.8 mmol) and NH4Cl (171.2 mg, 3.2 mmol) were added. The 
solution was refluxed for 5 hr. After filtration, the crude product was purified by column 




mg, 92 %). IR (KBr)/cm
-1
: 3387, 3285 (N-H), 2097 (CCH); 1H NMR (300 MHz, CDCl3):  8.20 (q, 












Ar), 6.53 (d, J=8.7 Hz, 4H, Ar), 
6.14 (s, 2H, 2NH), 2.96 (s, 2H, CCH); 13C NMR (CDCl3): 148.46, 133.74, 130.97, 129.90, 126.57, 
124.34, 113.65, 111.75, 84.46, 75.30; m/z calculated: 409.1699 (MH
+




Polymer P5a. P3a (152 mg, 0.01 mmol) was added to 50 ml of THF under Ar, and Zn dust (37.9 mg, 
0.58 mmol) and NH4Cl (125.2 mg, 2.34 mmol) were added. The solution was refluxed for 2 hrs. 
After filtration, the crude product was purified by column chromatography using CH2Cl2/hexanes 
(2:1, v/v) as the eluent to give the orange material P5a (138.3 mg, 91 %), stored under Ar. IR 
(KBr)/cm
-1
: 3392, 3310 (N-H), 2102 (CCH); 1H NMR (300 MHz, CDCl3): δ 8.22 (br, 4H, Ar), 7.44 
(br, 4H, Ar), 7.06 (br, 4H, Ar), 6.80 (br, 1H, N-H)  6.48 (br, 4H, Ar), 5.97 (br, 1H, N-H) 2.11 (b, 
12H, 6PCH2C3H7), 1.58 (b, 12H, 6PCH2CH2C2H5),1.45-1.36 (m, 12H, 
6PCH2CH2CH2CH3),0.95-0.86 (m, 18H, 6PCH2CH2CH2CH3) ppm.
31
P NMR (122 MHz, CDCl3) δ 
2.59 (
1
JP-Pt = 2383 Hz). Found: C, 65.59; H, 6.98; N, 2.53.   (C109H146N4P4Pt2)n requires C, 64.61; 
H, 7.26; N, 2.76 
Polymers P5b-d were prepared in the same method as described for P5a above. 
Polymer P5b (89 %): IR (KBr)/cm
-1
: 3382, 3309 (N-H), 2105 (CCH); 1H NMR (300 MHz, CDCl3): 
δ 8.21 (br, 4H, Ar), 7.49 (br, 3H, Ar), 7.11 (br, 3H, Ar), 6.53 (br, 5H, Ar), 5.15 (br, 2H, N-H) 2.07 (b, 
12H, 6PCH2C3H7), 1.71 (b, 12H, 6PCH2CH2C2H5), 1.44 (m, 12H, 6PCH2CH2CH2CH3), 0.92 (m, 
18H, 6PCH2CH2CH2CH3) ppm. 
31
P NMR (122 MHz, CDCl3) δ 2.65 (
1
JP-Pt = 2384 Hz). Found: C, 



























7.48 (br, 2H, Ar), 7.29 (br, 2H, Ar), 7.10 (br, 2H, Ar), 6.46 (br, 4H, 
Ar), 5.85(br, 2H, N-H), 2.13 (b, 12H, 6PCH2C3H7), 1.59 (b, 12H, 6PCH2CH2C2H5), 1.45 (m, 12H, 
6PCH2CH2CH2CH3), 0.92 (m, 18H, 6 PCH2CH2CH2CH3) ppm. 
31
P NMR (122 MHz, CDCl3) δ 2.66 
(
1
JP-Pt = 2382 Hz). Found: C, 56.33; H, 6.49; N, 2.19.   (C109H142Br4N4P4Pt2)n requires C, 55.90; H, 
6.11; N, 2.39 
Polymer P5d (91%): IR (KBr)/cm
-1
: 3390, 3310 (N-H), 2105 (CCH); 1H NMR (300 MHz, CDCl3): 




CCH), 2.98 (s, 1H, terminal CCH), 2.11 (b, 12 H, 6PCH2C3H7), 1.57 (b, 12H, 6PCH2CH2C2H5), 
1.45-1.36 (m, 12H, 6PCH2CH2CH2CH3), 0.91 (m, 18H, 6 PCH2CH2CH2CH3) ppm. 
31
P NMR (122 
MHz, CDCl3) δ 2.56 (
1
JP-Pt = 2388 Hz)). Found: C, 64.31; H, 7.64; N, 3.68.   (C109H148N6P4Pt2)n 








P NMR spectra were collected on a Bruker DRX 300 and 400 
spectrometer in CDCl3 solution, with tetramethylsilane (TMS) as internal standard. All chemical 
shifts () and coupling constants (J) are given in ppm and Hertz, respectively. The spectra were 
measured from freshly prepared samples. The IR spectra were acquired on a Bomem FT-IR MB 
series spectrometer equipped with a baseline-diffused reflectance. EI-MS were recorded on a LCQ 
DECA XP Liquid Chromatograph–Mass Spectrometer (Thremo Group). TGA were acquired on a 
Perkin-Elmer TGA 7 between 50 and 950 °C at 3°C/ min under a nitrogen atmosphere. The UV/vis 
spectra were recorded on a Hewlett-Packard diode array model 8452A at Sherbrooke. The emission 
and excitation spectra were obtained by using a double monochromator Fluorolog 2 instrument from 
Spex (Horiba). Fluorescence and phosphorescence lifetimes were measured on a Timemaster Model 
TM-3/2003 apparatus from PTI. The source was a nitrogen laser with a high-resolution dye laser 
(fwhm ≈ 1.5 ns), and the fluorescence lifetimes were obtained from high-quality decays and 
deconvolution or distribution lifetime analysis. The uncertainties were about 40 ps based on multiple 
measurements although the reliability on the measurements is 100 ps. The phosphorescence lifetimes 
















































































































P NMR spectra of P5d in CDCl3. 
5.8. Collaboration paper (with Tommy Kenny) published in Organometallics 2015, 34, 1567. 
Only my work is extracted here, The whole work (My work plus Tommy Kenny’s work) was 
published in Organometallics 2015, 34, 1567−1581, by Xiaorong Wang, Tommy Kenny, Daniel 
Fortin, Shawkat M. Aly, Gessie Brisard and Pierre D. Harvey. This research work was carried out in 
the Université de Sherbrooke under the supervision of Prof. Pierre D. Harvey. I performed the 
experiments and characterization of the emeraldine versions reported in this publication. Tommy 
Kenny completed the synthesis and characterization of perigraniline-type polymers. Doctor Daniel 
Fortin made analysis of X-ray single crystal diffraction. Shawkat M. Aly measured the photophysical 
data of the material prepared by Tommy Kenny. Professor Gessie Brisard supervised Tommy Kenny 







As stated in the Introduction, push-pull polymers are important in the potential design of new 
polymer-based photovolatic cells, notably for bulk heterojunction solar cells. Although the use of a 
Pt-containing unit is not particularly advantageous for solar applications because of the obvious 
heavy atom effect depopulating the singlet states, we still have succeeded in preparing several 
organometallic versions of PANI (with trans-C≡CPtL2C≡C; L = PPR3) and learned, for example, a 
great deal about the electronic communication across the polymer backbone through the NH and 
NMe groups, and therefore across the PANI skeleton. We also prepared zinc(II)porphyrin-containing 
polymers with ’-quinone and anthraquinone derivatives and have performed a full analysis about 
these so called push-pull polymers. We consider this thesis as a useful library of concepts and 
polymers for the future design of « push-pull » and low band gap polymers. 
 
Specifically, Chapter 2 reported that the NMe group prevents formal full conjugation across the 
polymer backbone but secures electronic communication. This means that electronic communication 
does not necessarily require π-conjugation nor π–π contacts in polymer systems (here ([Pt]-G)n), 
they are the first polymer examples with a metal atom in the backbone which exhibit a clear CT 
process, and also help us understand more about the emeraldine version of polyaniline where 
unconjugated (benzene) and conjugated (Q-diimine) units are separated by N(H) groups. N(H) and 
N(Me) can be used as bridge to bulid photonic polymers. 
 
The ([Pt]-2,2’-AQ)n polymer described in Chapter 3 was successfully synthesized and analyzed by 
gel permeation chromatography, thermal gravimetric analysis, X-ray crystallography (model 
compound), electrochemistry, photophysical measurements, and DFT computations (B3LYP). This 
study shows that the reduction waves in the CVs are chemical reversible process and that a T1→S0 
CT emission occurs, which is different from the previously reported ([Pt]-N,N’-AQ)n polymers 
series. The comparison between the two types of polymers is interesting. Again, the planar ([Pt]-2,2’
-AQ)n polymer exhibits a T1→S0 CT emission whereas the non-planar ([Pt]-N,N’-AQ)n polymers 




the structure–property relationship for this type of photonic polymers. The dihedral angle formed by 
the donor and acceptor average planes not only inevitably alters the π orbital overlap, but also effects 
where the nature of the origin of the emissive excited state.  
Chapter 4 reported an exhaustive investigation on four porphyrin-containing polymers, for which the 
donor moiety is kept constant (porphyrinzinc(II)) and the acceptor is varied in a systematic manner. 
One acceptor (N-(1,4-benzene)(methylamino-1,4-benzene)-maleimide) is known to be a poor 
acceptor and is used to as a comparative model in which very modest charge transfer (CT) 
interactions occur. The three other polymers contain acceptors that interact with the donor in 
different fashions. These are the isoindigo, which provides a fully conjugated polymer, 
bis(a-methylamino-1,4-benzene)quinone, which affords a formally unconjugated polymers but 
recently the NR group proved to be a good bridge for electronic communication betwen the donor 
and the acceptor, finally 2,2’-anthraquinone, which leads to an unconjugated polymer but 
conjugation occurs only between the acceptor and the donor. The latter three polymers turned out to 
be near-IR emitters (λmax > 750 nm) in both solution and the solid state. A detailed investigation 
demonstrates that the photophysical parameters are fast or ultrafast (fs and ps time-scale for Sn states, 
and ns for T1 manifold). This properties seems to be specific to this motif, and one final point that  
is raised are these very short lifetimes are parameters that compete unfavorably with the excitation 
energy migrations and electron transfers? We feel that this work will attract substantial interest in the 
field of material science based on conjugated polymers, on porphyrins, and solar cells. 
By using a mild reduction method in my work of Chapter 5, organometallic version of the fully 
oxidized perigraniline can be easily changed to the mixed-valence emeraldine form. Moreover, in 
comparison with the [Pt]-containing polymers described above, the phosphorescence (T2→S0; ππ*) 
switches to the fluorescence (S1→S0; CT). In addition, the CT process still happens in emeraldine 
organometallic version. This work gives us a new view for forming the organometallic PANI and its 
analogues, and it may open the door to new developments in functional PANI polymers. 
All in all, this thesis presented a comprehensive study on the photophysical properties of newly 
synthesized push-pull polymers, which lead to the publication of three papers and one more 




at longer wavelengths and the whole UV-vis spectra of the polymers broadened as well. Some  
polymers proved to be suitable for the efficient absorption of the irradiance of the sun in the 300 to 
850 nm range, especially for the porphyrin-containing polymers. By preparing new polyaniline 
analogues, namely in its organometallic version, CT processes also occur for unconjugated systems. 
The conjugation is formally cut off by NMe or NH unit but the electronic communication across the 
polymer backbone is clearly present. This observation helps us understand more about the electronic 
communication in PANI and opens a way to design new photonic polymers with using NMe or NH 
linkers between the donor and acceptor. By adjusting the dihedral angle (made by the average planes 
of the donor and acceptor units) in the backbone of polymers, it is also possible to direct the origin of 
the emissive excited state. Porphyrin, which is generally used instead of the more tediously 
synthesized chlorophyll, is used as the donor in the push-pull polymers. The photophysical events 
such as fluorescence, non-radiative triplet state deactivation, and upper state relaxation are very fast 
in these latter donor-acceptor systems. This result gives us useful information for the future study by 
establishing a clear structure-property relationship.  
The research work presented in this thesis is centered on the design and study of 
[Pt]/[Zn]-containing push-pull polymers, our work not only extends the types of push-pull polymers, 
but also, more importantly, makes a full understanding about their electronic communication by their 
photophysical properties. Here, we also give an opinion on the perspectives of these polymers and 
propose some future works that are worth being conducted. 
These Polymers show a relative broad absorption spectra which is benefit for absorbing photon in the 
longer wavelength, to further improve their absorptivity, AuNPs (Au nanoparticles) can be loaded 
into the polymers side-chain as one efficient light absorption unit, which we believe is more 
interesting, AuNPs have different absorbance and properties due to different sizes, it will have a 
strong influence on the electronic communication of the polymers. As a matter of fact, our works in 
this thesis focus on the mechanism discussion, but these polymers should be tried as active layer 
mixed with acceptor in the polymer solar cell after AuNPs are linked, as AuNPs improve their 
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